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FOREWORD
t Lzs the polic" ot the l.'. Ptepartment ot I )erens, to promote actl\Itie
that enlhance the ecoinomic -ecurit% ot the nation', tof the former -o\ let

Union, the Cornmmonwealth (t Independent State". It is in the naitional
securitv interests of the United States that the peopks of that 'gi,>
achieve economic and political stabhlit; to reduce pressures on their lead-
ership to adopt an aggressive military posture. In the wake ot diminih-
ing demand, Congress has also mandated that the Defens e Departient
encourage l.". defense idustries to retool and pursue nol-deenst-
related venture,,.

Ihe Northern 1,ea Route, Ruisia's maritime tupply artery into wnd
out of northern Siberia, is a poten-tial international trade rolte betwlee
the North Atlantic and North Pacific regiins. Russia is actively promo,1
ing use of the Northern Sea Route a, part of its effots to strenVgtheL lil
Ru_,sian econonv [lhe following study on the Northern S-ea Routt and
Lcebreaking tectology pro\ides information on the current s oial, poiti-.

cal, and eC ononic climates for international utili.z6ation ot the NSR, ie-
rived trom recent, publicly available literature as well as personal com-
munications. It identifies technological and other issues thaI must be ad-
dress-ed by the international comninni,v if the Northern S'a Roiute to Li p

rope i., to be developed. I',sage throu,.-h the territorial waters ot Rui,,,a
offers not only the possibility of expatied econo mic opportunity for thi
tormer 'o\iet Union, but also the creation ot new markets and jobs in

Americar shipping and shipbuilding, arid e\panded markets and other
opportunities tor our European and Astan triends and allies.

This report contains a brief history o: the Northern Sea Iotite- d-
\elopment and an overview of the icebreaking technology used III
today's ships. We present information on the sea, air, and ice condition,
that relate to navigation along the length of the route and ha\e included
the latest information on gaming passage from the Russian NSR
Administration, the support services that are available, cost consider-
ations. and important points of contact. In addition, an extensi',e bibliog-
raphy of relevant literature is provided.

The U.S. Army Cold Regions Research and Engineering Laboratory,
located in Hanover, New Hampshire, is the on!y U.S. go\ eminent labo-
ratory whose mission is principally concerned with cold regions sclence
and technology. Since it was established in N1, CRREL has been a valu-
able source oi information and services for universities, scientific institu-
tions, engineering firms, independent researchers, and private corpora-
tions throughout the world. CRREL's assets inchide many of the world's
foremost cold regions scientists and research engineers as well as a com-
pendium of worldwide scientific literature and data.

In recognition of CRREL's unique mission, in 1974 the laboratory
was chartered as the Cold Regions Science and Technology Information
Analysis Center (CRSTIAC), one of the Defense Department's 24 infor-
mation analysis centers (IACs). In partnership with CRREL's research
mission, the CRSTIAC is an important resource by which to:

" Collect, review, analyze, summarize, and store available infor-
mation within the field of cold regions science and engineering.

* Conduct research based on this information according to ex-
pressed or anticipated needs.

* Act as a catalyst for the exchange of scientific and technical in-
formation.

vi



In a typical year, the CISTIAC receives more than 3()0 requests for
information. Rapid, in-depth response to these inquiries enables timely
transfer of new technology and avoids duplicate research. The ,wtd to
leverage the resources of the CRSTIAC and other DoD information ana-
lysis centers for commerciai applications has recently taken on increased
emphasis under the present Administration's concept of dual-use tech-
nology.

In preparing this report, CRSTIAC information specialists have com-
piled an extensive database of literature from publicly available sources
on the history of arctic marine technology and commercial activity in the
Russian Arctic. This interaction and sharing of knowledge between ex-
perts in both the public and private sectors will be of increasing signifi-
cance in promoting activities that encourage economic growth and sta-
bility in the territories of the former Soviet Union and in enhancing
America's relations in that region of the world.

A. J. Roberto, Jr.
Chief, Technical Resources Center

USA Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire

June, 1994
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STRUCTURE OF THIS REPORT
T his report is presented in five parts.

The first section is an executive summary that briefly describes the
goals and findings of this study.

The second part is a review of the current status of Northern Sea
Route activity, prepared with the intent of helping those who may be con-
sidering using the route for commercial purposes. This section includes a
brief history of Northern Sea Route shipping, information on the phy-
sical environment, a review of deep-draft icebreaking technology, and
an analysis of current Russian operations.

The third section provides maps of the Russian Arctic. The reader
who is unfamiliar with the geography of this area may wish to fold the
maps out so they are available for ready reference.

The next section contains the results of the literature search for this
report. The information has been divided into five bibliographies cover-
ing the Northern Sea Route, the Russian Arctic, Alaskan waters, ice-
breaking technology, and miscellaneous and nonprinted sources.

The last section contains the appendixes referred to in the text. These
include a list of the world's icebreaking ships, a brief diary of our experi-
ences in obtaining Russian navigation charts, a translation of a Russian
document that describes the equipment requirements of foreign ships on
the route, and descriptions of navigation aids available from U.S. and
Russian sources.

viii

I,



'40'

4.

881

Ino I.

o ~. 3a.4bcK,~ Xa,1.Pbef09 )5

/15

:v~~~~a i.mpta F

8,?0

.10A.tle-yriopoesfl

420

loo 240 
160

f04 so

no39

160 06 16



EXECUTIVE SUMMARY

T he Northern Sea Route, a marine passage that follows the Eurasian
coastline between the Atlantic and Pacific oceans, crosses four arctic

seas: the Kara, the Laptev, the East Siberian, and the Chukchi. Specifically
it extends from the islands of Novaya Zemlya in the west to the Bering
Strait in the east. It is from 2200 to 2900 miles long--estimates vary be-
cause the route is not a unique passageway, but is generally regarded as
any and all possible routes from the Atlantic to the Pacific through the
myriad straits, passages, open seas, and island groups north of the Eur-
asian landmass.

To extract Siberia's natural resources and supply the northern set-
tlements with finished goods and necessities, for 50 years the Soviets in-
vested heavily in a marine transportation infrastructure along the north-
em Russian coastline that includes a fleet of the world's most powerful
icebreakers and ice-strengthened cargo ships, port facilities, and naviga-
tion, communication, and environmental forecasting aids.

The route offers distances between north Pacific and European ports
that are 35-60% shorter than the traditional routes through the Suez and
Panama canals. Transit speeds from July through October are competi-
tive with those attained on the southerly routes, although slower speeds
for the rest of the year offset the savings in distance. Ship speeds in au-
tunm and spring will have to be increased substantially to maintain the
route's economic advantage. The eastern portion of the route may in fact
need to be open year-round to be economically attractive to the interna-
tional community.

Historically, foreign vessels were prevented from using the NSR be-
cause certain key straits and passages were in sovereign waters of the
Soviet Union, but in October of 1987 then-General Secretary Mikhail
Gorbachev announced a new spirit of cooperation in the arctic regions:
the Soviet Union would open the NSR, with certain restrictions, to all for-
eign vessels for peaceful and commercial purposes.

Although navigational difficulties are considerable in these northern
waters due to bitter weather conditions, the short daylight season, ice-in-
fested waters, and isolation, there are many reasons for using the North-
ern Sea Route:

" Much shorter distances between northern ports in the Pacific
and Atlantic regions,

" An existing cargo base,
" A currently underutilized transportation infrastructure,
* Potential stimulation and strengthening of the Russian econ-

omy, and
" The prospect for economic benefits from international invest-

ment in Russia.

Cargo transportation routinely takes place across the entire northern
Russian coast from the beginning of July to the end of October, and the
western portion, as far east as Dudinka, has been kept open year-round
by icebreakers since 1980. Using a highly advanced fleet of icebreaking
ships, the Russians have the technological capability to move ships virtu-
ally anywhere in the Arctic during the summer months, but establishing
a viable year-round cargo transportation system will require advances in
several areas:

t



* Development of more powerful and economical icebreaking
ships,

a Further development of markets for cargoes,
e Improvement of the nautical infrastructure and the opening

of more Russian ports to foreign shipping, and
• Reduced risk to life, vessels, and the environment and hence,

affordable insurance rates.

The continental shelf is extremely wide off Russia's north coast. The
winter distribution of sea ice across the Russian Arctic is characterized by
the growth of shorefast ice in vast areas where the water is less than 30 m
deep. Seaward of the fast-ice, the ice cover is in constant motion due to
ocean currents and winds. The moving ice region continually experi-
ences openings, called leads, where the ice cover pulls apart, and conver-
gence areas, where the ice crushes together to form pressure ridges and
fields of broken rubble. From August to May, new ice is continually being
produced in the leads, and these areas of thinner ice are obvious lines of
weakness that are exploited to maximum extent by navigators.

The challenging physical environment of the Far North requires the
development and further refinement of a whole series of technologies
that pertain to ship design as well as to ship operations. In the last 40
years, application of modem marine technology to the design and opera-
tion of polar ships has made it possible to travel to remote polar regions
that were deemed impenetrable only a few years ago. Polar ships have
become larger, stronger, and more powerful, and innovative ideas have
been implemented to improve propulsion systems and reduce the resis-
tance encountered during icebreaking.

Finland and the Soviet Union have made the major contributions to
the development of polar ships. The Soviet Union first used nuclear tech-
nology to power the icebreaker Lenin in 1959. The Finnish shipbuilder
Wartsila has built many icebreakers for the Soviet Union and provided
many advances in design during the development of conventionally
powered icebreakers. Recently, these two technologies have merged to
develop shallow-draft polar icebreakers, built in Helsinki with Soviet
nuclear propulsion systems installed in St. Petersburg. Similarly, devel-
opments in the U.S. and Canada have contributed to changes in key areas
of icebreaking technology, such as hull and bow form, gas turbines, and
the controllable-pitch propeller.

The additional investment for building ice-class ships is consider-
able, and the ships are less efficient and more costly to run in open water
than conventional vessels. To offset their greater construction, operating,
and maintenance costs, ship owners must rely on them providing year-
round service. Since depth limitations in some straits of the NSR prevent
passage of ships greater than 20,000 dwt, the shallow-draft northern fleet
may be undesirable for use where larger ships can move cargo more effi-
ciently More northerly route options would enable larger and perhaps
more efficient ship passage but would also require greater icebreaking
capabilities than are currently available. It will be difficult to attract great-
er foreign interest unless the navigation season can be extended.

In this connection, it should be noted that import and export indus-
tries depend heavily on reliable, year-round transportation of goods. Few
businesses can afford the limitation of a seasonal supply of raw materials
or seasonal distribution of their finished products. Attracting year-round
trade along the Northern Sea Route will encourage the establishment or
improvement of alternative transportation modes for the off-season, such
as overland rail or air freight service. This, however, will introduce anoth-
er source of competitive pressure on marine shipping,
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The existing transportation network and flow of goods can serve as a
springboard for establishing new international trading partners and car-
goes. The world's northern-tier nations have become increasingly at-
tracted to the idea of a new trade route for opening new markets to their
exports as well as for generating income from ports of call along the
route. There is a potential for western investment in the development of
Russian shipping and resource extraction, and business arrangements,
for example, could be formed to boost working capital for regional devel-
opment of the necessary port facilities and services infrastructure.

Several international organizations have been formed since 1987 to
encourage use of the NSR. The International Northern Sea Route Project
(INSROP) was formed to undertake activities that would enhance inter-
national interest in the route. In November 1991, The Northern Forum,
another organization committed to addressing a variety of northern terri-
torial concerns, emphasized the support of activities that promote the
NSR. Another international group, the Barents Council, also endorsed
the promotion efforts and has formed a subcommittee called the Work-
ing Group for the Northern Sea Route. In the United States, there is inter-
est in the Northern Sea Route in Alaska and Washington state. The Alas-
kan Department of Commerce and Economic Development has set up
demonstration shipments using Russian cargo ships to transport Alas-
kan goods to European markets.

The shift from socialism to a market-driven free enterprise economy
in the USSR, beginning around 1985, resulted in economic and social dis-
ruption, problems that were compounded in 1991 with the dissolution of
the Soviet Union, including the loss of NSR carrying capacity for ertain
cargoes and a reduced turnover capability for its seaports. When Boris
Yeltsin assumed the Russian presidency in 1991, he inherited an econ-
omy on the verge of widespread collapse. The shortage of basic goods led
to social and political unrest that, in turn, produced further chaos in the
supply system. Drastic emergency reforms were instituted in 1992 to
stem the tide.

Social, economic, and political instability are fundamental obstacles
to the development of the NSR. The Russians declare that the route is
now open and the obstacles of the past are disappearing, but actual expe-
rience appears to indicate otherwise.

A long-term solution to Russia's economic problems may lie in her
ability to stimulate domestic growth and attract foreign trade. It is cer-
tainly in the best interests of the United States that Russia achieve eco-
nomic as well as political stability, so it can take its place among the na-
tions of the world as an ally and a trading partner.

The Russians have proposed the following ways to raise foreign
capital:

* Escort foreign ships along the route with Russian icebreakers,
" Transport foreign goods aboard Russian ice-strengthened cargo

ships,
* Employ idle Russian icebreakers and cargo vessels in the U.S.

and Canadian Arctic, and
• Promote arctic tourism.

The 1987 policy shift on the NSR will help attract foreign currency by
"selling" Russia's premiere ice navigation expertise on the world market.
The Administration for the Northern Sea Route is currently responsible
for meeting the annual arctic freight transportation goals and main-
taining personal and environmental safety. A primary goal is to bring in
more foreign revenue to reduce the arctic fleet's dependence on state sub-
sidy.

3



The Russians officially opened the Northern Sea Route to foreign use
in July of 1991. Two shipping companies, or marine operations headquar-
ters (MOHQs), control actual operations, such as scheduling, route
assignment, navigational support, and pilotage.

The technological advances required to enable year-round traffic
along the Northern Sea Route will occur more rapidly if the international
community recognizes a demand for them. This would help to promote
the growth of the Russian economy and encourage a cooperative and
constructive posture for that nation, both domestically and internation-
ally.

Privately, there is measured skepticism as to whether the Russians
can sufficiently reorganize their operations and develop enough continu-
ity that 'oreign shippers will have faith in the system. There is hope, how-
ever, that increased foreign use of the Northern Sea Route will bring
about greater stability, which will, in turn, encourage increased interna-
tional traffic.

in spite of the challenges, or perhaps because of them, the Northern
Sea Route has been a magnet for explorers and adventurers in centuries
past, and in our time calls us to the Far North with the promise of ex-
panded trade opportunities, technological advances, increased interna-
tional cooperation, and a stronger and more stable Russia as an ally and
partner.
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NORTHERN SEA ROUTE AND
ICEBREAKING TECHNO.OGY

INTRODUCTION

3 he Northern Sea Route is a portion of the historic Northeast Passage,
the marine passage between the Atlantic and Pacific oceans that fol-

lows the Eurasian coastline. The Northeast Passage crosses five seas of
the Arctic Ocean: the Barents, the Kara, the Laptev, the East Siberian, and
the Chukchi. The Northern Sea Route is a more specific and modem
designation, referring to that portion of the Northeast Passage that ex-
tends from the Russian islands of Novaya Zemlya to the Bering Strait. It
offers a shorter distance between ports in the north Atlantic and the north
Pacific relative to the routes through the Suez and Panama Canals that
are currently used. Transit distances between north Pacific and European
ports are some 35-60% shorter than the traditional southerly routes.

Over the last 50 years or so, the Soviet Union developed a vast ma-
rine transportation system of seaports, icebreaking ships, ice forecasting,
and piloting expertise to extract the abundant natural resources of its iso-
lated northern regions. Russian arctic shipping has developed to the
point where cargo transportation routinely takes place four months of
the year across the entire northern coast. Shipping traffic, both transit and
local, plies the entire route from the beginning of July to the end of Octo-
ber. The western portion, from Murmansk to Dudinka on the Yenisey
River, has been kept open year-round by icebreakers since about 1980.
Using a highly advanced fleet of icebreaking ships, the Russians have the
technological capability to move ships virtually anywhere in the Arctic
during the summer months. This fact has been demonstrated by several
trips to the North Pole that have been accomplished by Russian nuclear-
powered icebreakers. Year-round maintenance of the entire route, how-
ever, is not feasible at the current time.

The challenge of the physical environment of the Northern Sea Route
will require the development and exploitation of an entire series of tech-
nologies that pertain to ship design as well as to ship operations. Public
policy alternatives will need to be investigated, some of which pose diffi-
cult trade-offs between technology and other considerations, such as in-
ternational environmental protection vs. economic development.
Establishing a viable year-round cargo transportation system will require
advances in several areas:

e Further development of markets for cargoes,
* Development of more powerful and economical icebreaking

ships,
* Improvement of the nautical infrastructure and the opening of

more Russian ports to foreign shipping, and
e Reduced risk to life, vessels, and the environment and hence, af-

fordable insurance rates.

The shift from socialism to a market-driven free enterprise economy,
which began around 1985, has resulted in economic and social disruption
in states of the former Sovier Union. The problems were compounded in
1991 with the transformation of the old Soviet Union into the new Com-
monwealth of Independent States (CIS), including the loss of NSR carry-
inv capacity for certain cargoes and a reduced turnover capability for its
seaports.
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A long-term solution to these problems may lie in the Common-
wealth's ability to stimulate domestic growth and attract foreign trade.
Historically, the USSR claimed that crucial sections of the Northern Sea
Route passer ' irough its sovereign waters and these they guarded care-
fully from incursion by foreign vessels, but in October of 1987, then-Gen-
eral Secretary Mikhail Gorbachev announced a new spirit of cooperation
in the arctic regions: the Soviet Union would open the Northern Sea
Route, with certain restrictions, to all foreign vessels for peaceful ard
commercial purposes. This landmark change of policy will enable
Russia's northern fleet to bring foreign currency into the Russian
economy by "selling" its premiere ice navigation expertise on the world
market.

The Russians have proposed the following ways to raise foreign
capital:

" Escorting foreign ships along the route with Russian icebreakers,
" Transporting foreign goods aboard Russian ice-strengthened

cargo ships,
" Employing idle Russian icebreakers and cargo vessels in the U.S.

and Canadian Arctic, and
" Promoting arctic tourism.

The world's northern-tier nations and territories have become increas-
ingly attracted to the idea ot a trade route that will open new markets to
their exports as well as generate income as ports of call along the route.

Not incidentally, it is in the interests of the United States and our al-
lies that Russia succeed in establishing a stable economy and political cli-
mate. The alternative, privation and instability, increases the danger of
Russian aggression internationally. In addition, U.S. industries that once
thrived in support of our national defense can find rich opportunities in
the technological challenges of the Northern Sea Route.

This rtport is an overview of rapidly assembled technical informa-
tion on the Northern Sea Route. We present a synopsis of the history of
the NSR; the social, political and economic issues involved; and the cur-
rent attitude toward promoting the route, as well as a review of Russian
and American icebreaking technology. A great deal of research and
analysis have already been accomplished by other organizatiors, and
dozens of reports are readily available concerning the development of
the route, as can be seen in the bibliographies.

This report is intended to serve as a logistical starting point for poten-
tial users of the Northern Sea Route and as such provides many planning
and operational details in a single source. We have identified some of the
current problem areas and suggested improvements that may be needed
to foster greater international interest in using the route. We have identi-
fied the significant literature on arctic maritime technology with the in-
tention of providing a foundation for supporting U.S. government and
private sector activities in the Russian Arctic.

WHY USE THE NORTHERN SEA ROUTE?

T he Northern Sea Route is from 2200 to 2900 miles in length (Ivanov
and Ushakov, 1992). Estimates vary because the route is not a unique

passageway, but is generally regarded as any and all possible routes from
the Atlantic Ocean to the Pacific Ocean through the myriad straits, pas-
sages, open seas, and island groups north of the Eurasian land mass (re-
fer to Map 1 in the Maps section). It is, however, legally defined by the
Administration of the Northern Sea Route (ANSR) in Moscow as begin-
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Table 1. Comparison of the distance in nautical miles for the NSR
and canal alternatives.

.5horr Drenr

k.oure NSR di5tance canal distarnce (

Hamburg to Dutch Harbor 4.200 10.400 60

Hamburg to Vancouver 6,635 3.741 24

Hamburg to Yokohama 6,920 11,430 39

Oslo to Yokohama 7.146 12,013 41

London to Yokohama 7,323 11,655 37

Adapted from Wergeland (1991) and Mikhailchfnko (1992).

ning at the "western entrance of the Novaya Semlya (sic) Straits and the
meridian north through Mys Zhelaniya" and ending "by the parallel
66°N and the meridian 168°58'37'W" (ANSR, 1991). This essentially con-
stitutes the area extending from the islands of Novaya Zemlya in the
west to the Bering Strait in the east.

Navigational difficulties are considerable in these northern waters
due to bitter weather conditions, ice-infested waters, the short daylight
season, and isolation. So vhy is the NSR bch~, considered as a possible
trade route? The many reasons can be summarized as follows:

* Much shorter distances between northern ports in the Pacific
and Atlantic regions,

* The presence of an existing cargo base,
" The availability of a currently under-utilized transportation in-

frastructure,
" Potential stimulation of the Russian economy, and
" The prospect for economic benefits from international invest-

ment in Russia.

A primary benefit of braving the Northern Sea Route's greater physi-
cal challenge is to save time and money, and distance comparisons of the
world trading routes (Table 1) do favor utilization of the NSR.

Estimates of travel time, based on past performance during the sum-
mer season, are also competitive with the canal alternatives. The informa-
tion presented in Table 2, supplied by the Murmansk Shipping Company
(MSC) and reported by Wergeland (1991), was summarized from transit
data for the 1990 and 1991 shipping season.

Computer simulations, the operational experience of Russian Noril'sk-
type vessels (multipurpose, hull-strengthened cargo ships of the highest ice
classification1 ) (Figure 1),
and actual transit times for Table 2. Comparison of the average speed

other MSC vessels were in knots of ships using the NSR and ca-
nal alternatives.

used to estimate the mean

transit time through vari- Number of Average
ous sections of the NSR Route tops speed
for the entire year. The lat-
ter two sources were used NS eastbound 4 12.2

by Wergeland in develop- NS westbound 3 10.3

ing the data presented in

Table 3. Adapted from Wergeland (1993).

The ice classification is meant to serve as a measure of a ship's reliability to navigate
safely in ice-covered waters. Unfortunately, there is no single world standard, and
the categories of the many national standards are somewhat difficult to compare.
See Appendix C for a comparison of ice classes.
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Figure 1. Noril'sk-class SA-15 multipurpose, arctic icebreaking cargo ship (from Brigham, 1991a).

Although the July-through-October Noril'sk speeds are competitive
with those attained on the Suez and Panama routes, the slower speeds for
the rest of the year offset the savings in distance. The estimated speeds
that can be attained with the Russians' nuclear-powered LASH (lighter
aboard ship) vessel show a freight transportation efficiency that may
prove competitive, however. The LASH Sewrnorput (Figure 2) is a shal-
low-draft, icebreaking barge/container carrier that is designed to trans-
port up to 74 barges (lighters) or 1300 standard cargo containers. It has
an open-water capability of 20 knots but, more importantly, it does not
require icebreaker escort in ice less than I m thick. The Russians hope
that the LASH, and the Noril'sk in convoy with Arktika-class icebreak-
ers, will play a major role in opening the Northern Sea Route for year-
round traffic.

The marine transportation infrastructure along the northern Rus-
sian coastline is well developed. It includes a fleet of the world's most
powerful icebreakers and ice-strengthened cargo ships, as well as port
facilities, navigation, communication, and environmental forecasting
aids. Its purpose has been to extract the natural resources of the Sibe-
rian region and to supply the northern settlements with finished
goods and necessities. Hence, there is an existing transportation net-

Figure 2. Russian nuclear-p-wwcred iccbre.iking LASH (lighter aboard ship) Sevmorput (fromi Brigham,
1985).
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Table 3. Average spee in knob for vesels on sections of the NSR.

loute SectUoM Pittance Month
(west-east) (miles) Jan Fik' Mar Apr May Jun Jul Aug ep Oct Nov Pec

Noesk-type w'4 . le
Koguyev sland to 580 8.6 83 8.0 7.8 75 7.8 110 !3.8 14.0 12.8, 9.2 8.9

ikeon to 440 4.9 4.8 4.6 4.4 4.3 45 6.0 6.7 7D0 73 5.3 5.1
Cape Chelyuekin

Cape Chelyuekin to 540 3.9 3.8 3.7 35 3.4 3.6 5.0 7.0 9.0 9.0 4.2 4.1

Tlksi
Tikti to 1,640 7.4 7.1 6.9 6.6 6.4 6.7 14.0 14.5 15.0 14.5 7.9 7.6

Provideniya
Weightei means 6.7 6.5 6.2 6.0 5.8 6.1 10,8 12.0 12.6 12.5 7.2 6.6

NuGlar-powrd IIghter aboard *hip (LASH)
Weighted means 7.6 9.0 9.0 8.3 7.9 8.3 12.8 14.1 15.4 15.7 102 9.8

Total distance 3.200

Adapted from Wergeland (1991).

"it rmay appear paradoxical that work and a flow of goods that could serve as a springboard for estab-
at this juncture, in the midst of lishing new international trading partners and cargoes.

acute crisis at home, ussia should The current economic difficulties in Russia have sidelined a portion
be actively promoting ... the North- of the available transport and ice-breaking capacity on the route. Cargo
err Sea Route.... Far from it-this turnover in the region peaked at 6,578,000 tons in 1987 and has progres-

5 an integral part of the general sively declined since then to 4,903,000 tons in 1991 (Granberg, 1992). In-
strategy of stabilzatlon arid deve- creasing foreign use of the NSR can more fully utilize the Russian fleet

opmert of the NSR. The most press-
rig objective for tne NSR today is to and provide revenue toward its operation and maintenance.
'utilize more fully the Arctic fleet anid The Russians hope that international tourism to the Arctic and Sibe-

to provide -. f;nikica Suppcrt" na can be increased to provide a source of foreign revenue. During the

-Aexarder Grarberg. summer of 1990, the Russian icebreaker Rossiya made a voyage to the
State Advisor for the Offce of North Pole with 88 paying tourists from 12 countries aboard. Mikhaili-

h-es et of the Pussian Fejeration chenko and Ushakov (1992) report that ice up to 4 m thick was overcome.
j1993h) In 1991 and 1992, the Sovietsk-y Soyuz repeated the North Pole voyage

with 80 more tourists from 15 countries on board. The chance to visit one
of the world's few remaining remote and pristine areas holds a fascina-
tion for a number of people who will gladly pay for the experience.

There is a potential for western investment in the development of
Russian shipping and resource extraction. For example, western oil com-
panies are negotiating with the Russians to supply foreign development
expertise and investment dollars into the offshore Yamal and Taymyr re-
gions for a share of the raw oil and gas products. It is conceivable that
other business arrangements can be formed to boost working capital for
regional development of the necessary port facilities and services infra-
structure.

BRIEF HISTORy 2

M aritime nations throughout history have sought shipping advan-
tages in distance and time over their rivals. This rivalry spurred

early exploration of new trade routes. The terms "Northwest Passage"
and "Northeast Passage" came into popular usage more than 400 years
ago to refer to desired corridors of travel from Europe to the East Indies
via northern waters. The Northwest Passage was a proposed route from

2 Extensive discussion of the history of the Northern Sea Route can be found in

Armstrong (1988a,b, 1992ab) and Barr (1991).
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Europe westerly across the Atlantic Ocean to tIe Pacific, by wa\, ot the
Canadian archipelago. Alternativelv, the Northeast Passage accessed th
Pacific Ocean from Europe by traveling northerly along Scandina ia to
the Arctic Basin and then eastward along Asia's northern coastline.

In thie, the idea of a northern sea route to the Orient fell out of taror
as the env ronmental challenges of the Arctic beca e more apparent
from successive exploratory voyages. However, the prospect of trade
along the northern Asia-n coastline itself continued to inspire exploration
in the region. The land and sea journeys of early expeditioners" such as
Vitus Bering, Witlem Barents, Baron FP. Wrangel, and many others were
significant, and their legacy is historically noted by prominent geo-
graphical place names that honor their achievements.

Although attempts to pioneer the route began in the loth century, it
wasn't until 1879 that a west-to-east transit was finally completed by the
S-'wede, Baron Nils Adolf Erik Nordenski6ld, after a two-year voyage. I le
was forced to winter-over in the ice at Kolvuchino, just 250 km short ot
the Bering Strait, but Armstrong (1992b) states that he most certainly
could have completed the route in a single season had he not undertaken
an ambitious program of scientific observations along the way.

Early in the 20th century, the Russian government commn Ioned
two small icebreakers, WTi.itozr and zyiw'ch, to perform an e\tensive Lh -

drographic survey along the entire northern coast. They worked each
summner season from 1910 to 1915 and succeeded in the protracted but
first east-to-west transit of the passage. Soon, however, international
shipping interest shifted away from the Russian Arctic to more accessible
routes not only because of the physical environment, but due to legal ac
cessibilitv as well.

Claims of sovereignty over the route extend at least as far back a,
1704 when an edict of Peter the Great established a Russian monopoly
over commercial fishing awd hunting in the western arctic seas. Similar
imperial legal declarations were issued in 1753, 179L, 'nd 1821. Russian
legal claims were confirmeu by conventions with the United States i 1824)
and Great Britain (1825). These and repeated Soviet claims following the
October Revolution of 1917 have resulted in nearly universal observance
of Soviet dominion over the Northern Sea Route (Kolodkin and Volosov.
1990; see also Franckx, 1988; Butler, 199 1).

Isolated by a protectionist polic, the Soviets invested heavily in a
marine infrastructure that allowed them to settle and develop their
northern coastline and tap its abundant natural re'iources. The LS:'R
sought to become independent of other nations for raw materials. The
huge nickel deposits at Noril'sk in the Yenisey River basin and de tin -- '..-. -..

deposits at DEputatskiv and lul'tin Were discovered during this period, " . ..
and gold was discovered in the far northeast, diamonds in the Lena River
basin, and apatite near Murrr -rsk.

Granberg (1992) breaks down the modern era of S.viet development
of the Northern Sea Route into four periods:

*Exploration and settlement from 1917-1932;
* Organization of regular navigation and deveiopment of the

fleet and ports from 1932 to the early 1950s;
* Completion of development and establishment of regular sea- .. . -

sonal traffic between the early 1950s and late 1970s; and V
* The effort to establish year-round shipping since the late 1970s. 3 , j _I, ). .,,:' "A

jfrzv -rl'u'r '5 ,,> r tii-
Some of the highlights of the modem era are presented below. F ver f -t arka Jne
In 1920, the Soviet agency, the Committee of the Northern Sea j,j, re-c t,v'eiy, make,, tip ,

Route (Kornseveroput, in Russian) was established to "equip, improve, ,jjv .. 1cnr ," ,rt a he

and study" the entire route from Arkhangel'sk to the Bering Strait. ,-3' s'u: . 9
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Table 4, Soviet shipping activity along the Northern Sea Route.

Year 1935 1940 1950 1960 1963 1965 1970

Freight torinage (000) 246 289 503 1.013 1,390 1,600 2,400
Length of seasori (days) 93 93 122 12a 130 135 145

Adalted from Ushakov et al. (1991).

The activities of the Komseveroput were given high priority for estab-
lishing a transportation system that was regarded as vital to the
nation's economy.

In 1932 a German, Otto Shmidt, completed the entire route in the
small Soviet icebreaker Sibiryakov in just two months. The ship, however,
lost its propeller in the ice just short of the Bering Strait and had to be
towed by freighter after emerging from the ice under improvised sails.
Still, the voyage was a remarkable achievement and underscored the ad-
vanced navigational skills and technological capability of the Russians in
this severe environment. Shmidt's second attempt one year later in a So-
viet cargo ship, the Chelyuskin, ended when the ship was beset by ice and
crushed. The first damage-free transit in a single season was not accom-
plished until 1934: the icebreaker Fedor Litke claimed the title.

Soviet resolve and experience in ice navigation were unrivaled, and
traffic in the Arctic continued to grow. For example, from 1917 to 1934,
there were only two sinkings out of 178 round-trip voyages across the
Kara Sea to import finished goods to and export timber from Igarka.

In 1932, a new and more powerful government department, the
Ghnoye Upravleniye Severnogo Morskogo Puti (Glavsewnorput), or Chief
Administration of the Northern Sea ioute,3 assumed the role to "de-
velop the NSR from the White Sea to the Bering Strait, to equip it, to keep
it good order, and to secure the safety of shipping along it" (Arikaynen,
1991). Otto Shmidt was installed as its first head, and for the remainder of
the decade he increased freighting along the route. Under his administra-
tion, major additions were made to the arctic fleet, which moved between

nr 1990, b88 voyages were cor- 100,000 and 300,0003 to--s of cargo annually while employing from 40 to
leted y 252 shils (Armstrong. 150 ships per year. Tumber exports from Igarka accounted for as much as

,993). The lgarka timber shipmenit two-thirds of the total cargo weight; the rest was mainly supply cargo
arounteJ to approximately into the growing industrial areas of northern Siberia. Soviet shipments in

,.000.000 tors. The nickel ore the region grew steadily in support of Siberian development, and im-
s'Oiped from the Noril's mirnes near proving icebreaking technology produced a steady increase in the length

Rudinlka destined for the smelterscf~i~ik Morchgrk, fear therm o a of the navigation season (Arikaynen, 1991; Armstrong 1992). These twoof Mvonighegorsk near Murmansk was!

estimated to be several million tonls facts are supported by the figures in Table 4.
per year (Armstrong, 198a). The In 1940, before the USSR became involved in World War 11, a German

,mPotance of these two raw mate- warship was escorted through the Northern Sea Route. The Komet, an
rials s; evidenced by Russia's policy, armed raider, was the first foreign ship in over 20 years to be granted pas-

begiining in 1950, to maintain year- sage, and it would be the last foreign transit for more than 50 years.
round navigation from Murmarisk to Armstrong (1958) devotes an entire chapter to this historic voyage and its

odinka (Anor., 19&0, 1981). political significance.
When the USSR entered the war in 1941, the route became important

for bringing Allied supplies into the country. Supply convoys from the
west into Murmansk suffered heavy casualties from German U-boats in
the Barents Sea as well as the Atlantic. Although this so-called "Mur-
mansk Run" did not actually reach the NSR, the NSR did become an al-

- Various translated names for Glavsevmorput have appear in the literature.
Arikaynen (1991) gives "Chief Northern Sea Route Agency," Armstrong (1992a)
gives "Chief Administration of the Northern Sea Route," Barr (1991) gives "Director-
ate of the Northern Sea Route," and Ushakov et al. (1991) give "Main Department of
the Northern Sea Route."
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temate supply route from West Coast ports of the U.S. through the Bering
Strait to Russia's northern ports. In the four seasons of 1942-1945, 120
ships transported approximately 450,000 tons of relief supplies, which
amounted to approximately half the freight turnover for the NSR during
this period. Most of these voyages offloaded in Tiksi at the Lena River,
but 13 were able to reach the Yenisey delta, and one even travelled as far
wvest as Arkhangel'sk (Barr, 1991).

Post-war information on shipping figures is difficult to obtain; com-
prehensive annual summaries of shipping data were not published.
What information there is was gleaned from a variety of sources and
news coverage of the most noteworthy events, but it presents a general
pattern of relatively constant growth in the marine infrastructure and ac-
tivities over the next 40 years.

The Soviet offer to open the Northern Sea Route to foreign shipping
and provide icebreaking support for a fee was first extended in 1967. A
demonstration voyage took place that summer in which a Soviet ship
transported cargo from western Europe to Yokohama. Although the transit
was successfully accomplished in only 27 days, foreign shippers never
seized upon this initiative. Armstrong (1972) presented the possibility
that the offer was tacitly withdrawn so that the Soviets would not offend
their Arab allies by proposing an alternative to the Suez Canal.

In 1977, the Soviets powered the first surface vessel to the geographic
North Pole. The nuclear icebreaker Arktika departed Murmansk on Au-
gust 9 and reached the pole on the 17th. The return to Murmansk, by way
of Franz Josef Land, was completed on August 23rd. The 14-day experi-
mental voyage, more than half of which was spent breaking through ice,
covered 3852 miles at an average speed of 11.5 knots (Ivanin, 1978).

In 1978 another historic voyage occurred: the first complete high-
latitude passage of surface ships, which travelled from Murmansk
through the Bering Strait to Magadan (Mikhailichenko, 1986). The nu-
clear icebreaker Sibir' led the Amguema-class transport ship Kapitan
Myshevskiy, which was loaded with oilfield equipment bound for the
Kolyma region. They passed to the north of all the major island groups
(except Wrangel Island), shaving many miles off the standard coastal
route. Altogether, the convoy covered 3200 miles, of which nearly 3000
was in ice. In addition, the voyage took place in May and June, which
was unusually early in the shipping season.

Since Gorbachev's 1987 Murmansk speech (see Armstrong, 1988b),
several developments have occurred to increase foreign interest in using
the NSR. A multinational organization, the International Northern Sea
Route Program (INSROP), was formed to undertake any and all activities
that would enhance international interest in the route. The lead agencies
coordinating INSROP are the Fridtjof Nansen Institute of Norway, the
Central Marine Research and Design Institute of Russia, and most re-
cently, the Ship and Ocean Foundation of Japan. This project is the first
credible attempt to bring together an international working group to
comprehensively define problem areas and to provide a forum for so-
lutions. INSROP participants recognized the following four areas of
concern and assigned member groups to address each one in the form
of pilot studies:

e Physical conditions and navigation issues,
* Ecological aspects,
e Commerce and trade studies, and
* Legal, political, and military-strategic issues.

A summary of the current state of these on-going activities was pub-
lished in 1991 by Ostreng and Jorgensen-Dahl.

12



The INSROP effort received additional impetus in November 1991
by a resolution of The Northern Forum, another organization committed
to addressing a variety of northern territorial concerns. Signed by thir-
teen representatives of northern-tier regions in the U.S., Canada, Norway,
Russia, Finland, China, Mongolia, Japan, and Korea, the resolution gives
approval to the INSROP initiative and encourages a priority emphasis
for supporting activities that promote the NSR. Among others, Walter J.
Hickel, the current governor of the state of Alaska and chairman of The
Northern Forum, is an active proponent of the Northern Sea Route.

Another international group, known as the Barents Council, has also
given its endorsement to the promotion efforts and has formed a sub-
committee called the Working Group for the Northern Sea Route. At their
meeting in Oslo in September 1992, which was attended by representa-
tives from eleven European, Asian, and North American countries, it was
decided to formulate a plan for addressing issues relevant to promotion
of the NSR. The activities of these three organizations are evidence of an
international commitment toward the route's development and a widely
held belief that such development might substantially benefit not only
Russia, but many other countries as well.

Foreign response to Gorbachev's invitation and the international ac-
tivities to promote utilization of the Northern Sea Route began with the
leasing of cargo space aboard Soviet SA-15 Noril'sk-class icebreaking car-
riers (Brigham, 1993a). In 1989, there were several transits from Hamburg
to Osaka. In 1990, six more voyages took place, each requiring about 25
days to complete the route. This was approximately 10 days faster than
the Suez Canal route.

That same year, the nuclear icebreaker Rossiya (75,000 shaft horse-
power) also made the third visit to the North Pole by a surface ship. (The
second visit, by the Sibir', was in 1987 (Frolov, 19911.) The unique feature
of this nine-day cruise was the fact that the ship was adapted to
accomodate 40 foreign tourists, who paid $20,000 each for the trip. The
cruise was considered such a success that the Sovietskiy Soyuz made two
similar tourist trips in 1991 and 1992. An interesting description of these
polar excursions from the tourist-adventurist point of view appeared in
a nationally distributed recreation magazine (Cahill, 1993). The popular-
ity of these excursions seems assured, and toui ism in the Arctic is a busi-
ness opportunity that the Russians hope to capitalize on.

In August of 1991, a Russian freighter sailed from Norway to Hong
Kong carrying 10,000 tons of steel. This marked the first time that Norwe-
gian cargo had been shipped to Asia via the Northern Sea Route.

The summer of 1993 saw the commencement of sea trials of a Finn-
ish-Russian joint venture using a foreign vessel to supply Russian fuel
products to a Siberian destination.4 A Finnish IA Super-class (the highest
Finnish ice classification) tanker (16,000 deadweight tons) with a Russian
ice pilot on board made three consecutive voyages. The cargo was taken
on at the White Sea port of Arkhangel'sk and transported to the mouth of
the Yana River in the Laptev Sea, a distance of approximately 4000 km
(2485 mi). It was then offloaded to smaller vessels for delivery to an
upriver destination. Each round trip required 19-23 days to complete,
which included 2-3 days turoiaround time. The 1993 season was esti-
mated to be of 1-in-10-year severity in terms of ice conditions. It was nec-
essary at times to break 3- to 5-m-thick pack ice in a 300-mile section of
the Laptev Sea beginning at Vil'kitskogo Strait. Four nuclear-powered
icebreakers, stationed in the area to maintain a passage, assisted the

4 Juhani Laapio, 1993, Neste Shipping, personal communication.
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Table 5. Recent voyages with foreign involvement.

Year 6hipmaen OcgIm-en4 Comments

1967 Nowvr~ronezh No. Europe -Yokohama Soviet ship with foreign cargo
U55SR

1967 Vubno No. Europe - Japan Soviet ship with foreign cargo
U55I

1967 Ustyuzhna No. Europe - Japan Soviet ship wit foreign cargo
USSR,

1W9 Several transits Hamburg - Osaka Soviet ships with foreign cargo
USSR

1990 Six transmes No. Europe - Far East Soviet ships with foreign cargo
USSR,

1990 Rossiya North Fble trip Foreign tourists on Soviet icebreaker
USSR

1991 LAstrvlat'e Murnmansk - T'rovidenya 1st foreign ship transit allowed since
France 1W4

1991 Paymar Aen Nar'yan-Mar - Igarka Foreign ship with no ice classification
FKG

1991 Kapitan Oanilkin Norway - Hong Kong Soviet 5A-15 wir' Norwegian car-go
USSR,

1991 Kapitan COanilkin Malaysia - Murmansk Soviet SA-15 with foreign cargo
USSR

1991 Tiksi Hamburg - Chiba, Japan Soviet ship with foreign carg3o
USSR,

1991 Sovietsk&y SOyuz North Pole trip Foreign tourists on Soviet icebreaker
USSRI

1991 8 other voy~ages Various Russian ships with foreign cargo
USSRI

1992 5ovietski~t So'uz North Pole trip Foreign tourists on Russian icebreaker
Russia

1992 Freighter Vancouver - Tiksi Russian ship with foren cargo
Russia

1993 3 roundl-trip voyages Arkhangel'sk -Yana River Foreign tankers With Russian cargo
Finlani

Sources: Armstrong (1991), Kjcetad (1992),13righam (1991a), and Matyusheniko (1992).

tanker through this section. The tanker was under constant escort by
Russian icebreakers only from Dikson to the Khatanga River. The trial
voyages were deemed successful, and the run is expected to become
regularly established in the summer of 1994. Although the Russians are
seeking foreign cargo and investment to employ their own idle container
ships, Finnish tankers were required for this joint venture. There are,
ironically, no ice-strengthened tankers in the Russian fleet, as they were
all distributed to other members of the CIS upon the breakup of the
USSR Table 5 is a summary of the recent voyages that have involved for-
eign participation.

In the United States, interest in the Northern Sea Route is being gen-
erated in Alaska and Washington State (Weathersby, 1990). The Depart-
ment of Commerce and Economic Development for the state of Alaska
has been working for the past two years to set up demonstration ship-
ments using Russian cargo ships to tansport Alaskan goods such as fish,
timber, coal, and ore to European markets. The negotiations have en-
countered several problems, and the first trial voyage planned for the
summer of 1993 failed to materialie. Optimism remains that all arrange-
ments can be worked out for a 1994 voyage (Davies, 1993).
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Although damage to the ice- Even with the technology available today, the Northern Sea Route
strengthened fleet is commonplace sometimes presents unexpected challenges. As late as 1983, an early Oc-

even toda , it is regarded more as an tober cold spell trapped approximately 50 ships in the East Siberian Sea.
annoying fact of life and a necessary Thirteen icebreakers were dispatched to the scene to effect the rescue op-
cost of doing business in that region. eration. By late November, the ships were freed (except for one that wasData onl 362 cases during 1986-
198'9 showed that minor hull damage crushed by ice), but 30 suffered damage of varying degrees (Armstrong,

occurred ii 2ha of cases. The re- 1984; Barr and Wilson, 1985). Each voyage into this region still presents a

maining 1% included damage to pro-level of risk, which will continue to diminish with gains in operational

pellers, shafts, and steering gear experience.
(Ushakov et al., 1991).

Serious damage is rare,

THE PHYSICAL ENVIRONMENT

A ccording to Batskikh and Mikhailichenko (1993), four routes
Lthrough the Russian Arctic are theoretically possible (Map 2). The

first is the most southerly and conventional coastal route. A second is a
mid-route through ice massifs following diagonal cracks from Cape Zhe-
laniya (Novaya Zemlya) to Dikson and from Novaya Sibir' Island to the
port of Pevek. A third route, which is useful only for through traffic, stays
to the north of Cape Zhelaniya, Cape Arkticheski (Severnaya Zemlya),
and Novaya Sibir' Island. A fourth route, 700 miles shorter than the
coastal route, is the great circle route, by way of the Pole. This fourth
course is not economically feasible at the present time, but it may in the
future be viable as transportation technology improves.

The following information about the various arctic seas, from west to
east, is summarized from a variety of sources (Brigham and Voelker, 1985;
Barnett, 1991; Vefsnmo et al., 1991; Batskikh and Mikhailichenko, 1993).

The continental shelf is extremely wide off Russia's north coast (Map
3), and the seas overlying it are shallow. In general, the winter distribu-
tion of sea ice across the Russian Arctic is characterized by the growth of
shorefast ice in vast areas where the water is less than 30 m deep. Calcula-
tions based on climatic conditions show that the maximum thickness av-
erages 120 to 130 cm in the Kara Gates, 160 to 170 cm near Dikson and in
the Longa Strait, and 190 to 200 cm in the straits of Vil'kitskogo and
Dmitriya Lapteva. These mean values can vary by 30 to 50 cm depending
on year-to-year conditions. The presence of snow has a large effect on the
fast-ice thickness; snow acts as an insulating blanket over the growing ice
and reduces its thickness.

Seaward of the fast-ice boundary, the ice cover is in constant motion
due to ocean currents and winds. This region of moving ice, known as
"pack ice," continually experiences openings, called leads, where the ice
cover pulls apart, and convergence areas, where the ice crushes together
to form pressure ridges and fields of broken rubble. During the freezing
period (roughly August to May), new ice is continually being produced
in the leads, and these areas of thinner ice are obvious lines of weakness
that are exploited to maximum extent by ice pilots and ship captains. In
the areas of convergence, rubble ice refreezes into much thicker and
stronger masses. In some places, due to the presence of land barriers, pre-
vailing winds, currents, and so forth, ice accumulates in large enough
masses that it survives the summer season. These ice fields, sometimes
covering hundred of square kilometers and found in the same regions
every summer, are known as massifs. Map 4 shows the location of nine
such massifs along the Northern Sea Route. The massifs all experience
some degree of seasonal fluctuation in size. For example, the Novaya
Zemlya massif nearly melts out completely, while the more resistant

Taymyr, Ayon, and Wrangel massifs are more resistant and experience
less ablation.!



Table 6 shows the probability of oc- Table 6. Probability (%) of occurrence of conditions
curence of ice conditions that necessitate that require icebreaker assistance through various
icebreaker assistance through NSR mas- NSR massifs* for cargo ships of ULA-class at begin-
sifs for ULA-class (highest ice classifica- ning, middle, and end of the shipping season.
tion under the Russian registry) cargo Amguema-class Noriisk-class
ships. The data include observations Ice massif Jun Au Oct Jun Au Oct

from 1970 through 1991. Even though
the Noril'sk-class vessel has greater capa- Novaya Zemlya 95 0 0 95 0 0

bit Severnaya Zemlya 100 75 25 100 60 5biity in ice, both types of ships a Taymyr 95 65 40 95 55 15
highly likely to need escort in all massif Novosibirskiy 95 60 20 90 45 10
areas at the beginning of the season. Ayon 95 35 15 95 30 5

The summer season occurs roughly Wrangel 95 10 25 95 5 5
from June to September when the ice 'Refer to Map 4.
cover melts significantly, diminishing in Source: buzuev (1992).
both extent and strength. Map 5 shows
how the normal ice coverage changes
seasonally It can be seen that the greatest seasonal fluctuation occurs at
the east and west ends of the route. This is due to the influence of ocean
currents moving northward from the warmer Atlantic Ocean in the west
and the Bering Sea in the east, which accelerate ice decay in the spring
and retard freezeup in the fall.

Between the freezing and melting seasons is a brief interphase de-
scribed by Mikhailichenko (1992) as a period of ice pack movement from
wind and ocean currents. This interphase is characterized by near-freez-
ing air temperatures that produce little ice growth or decay. Shipping ac-
tivity routinely occurs throughout the melt and the autumn interphase.
The Russians would like to extend the shipping season into the freeze
period and the spring interphase. Table 7 provides a summary of the en-
vironmental conditions encountered in the Eurasian seas of the Northern
Sea Route.

As previously mentioned, the bathymetry of the Russian Arctic is
characterized by the continental shelf lying at relatively shallow depth
over vast areas. For example, the average depth of the entire East Siberian
and Chukchi seas is only 58 m and 88 m, respectively (Ostreng, 1991).
Tidal changes range from 5 to 7 m in the Laptev Sea, from 3 to 4 m in the
East Siberian Sea, and are no more than 2 to 2.5 m in the Kara Sea
(Buzuev, 1991). The limiting depths for navigation are those found in the
various straits. Most exceed 20 m, except the Sannikova and Dmitriya

Table 7. Summary of environmental conditions of the arctic seas along the Northern Sea Route.

barermts West Kara East Kara Lap-ev . E5 ,r-iri _. .',

Mean air temp ('C)
Winter -10 to -15 -15 to -20 -25 to -30 -30 -30 -20 to -3C
Summer - 5 2 - 2toS 2t-oE

Mean fast ice
thickness (cm) 50 to 150 120 to 200 200 200 to 250 170 to 200 130 to !,30

Average date of
minimum ice
cover 15 Sept 24 Sept 14 Sept 17 Sept 13 Sept 12 Sept

Summer ice cover
relative to winter max.
extent (% of area) 10 25 45 47 57 20

Average date of
complete freeze-up Never Mid - late Nov MOd Nov - Mid Oct Mid--late Nov

Average date of
min. ice extent 15 Sept 24 Set_ 14 Sept E7Sept 13 Sept 12 Sept

Source: Barnett (1991).
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Lapteva straits located south of the Novosibirskiy Islands, which are only
13 m and 8 m deep, respectively. These extreme shallows limit the size of
ships that can pass safely to those under 20,000 dwt unless they are spe-
cially designed for shallow-water operations (Wergeland, 1991). The
more northerly routes are deeper, but ice conditions are also more severe.

The Baents Sea
The Barents is the warmest of the Eurasian seas, and the only one not

totally ice-covered in winter. During the most severe winters, only about
90% of the surface is covered with ice (70% and 50% in normal and mild
winters, respectively). It experiences the greatest seasonal variation of
sea-ice extent. Its ice cover is dramatically affected by the influx of warm
water from the Atlantic, which moderates the ice conditions in the south-
ern and southwestern Barents. General ocean circulation and prevailing
winds in winter advect ice southwestward from the northern Barents ice
pack. The southern Barents in winter, however, experiences generally
southwesterly winds that introduce warm maritime air and inhibit ice
growth. Winter mean air temperatures are relatively mild (-10 to -15'C).
First-year ice thickness averages 50 to 100 cm in the south and 120 to 150
cm in the north. Severe winter conditions are the result of occasional
shifts in the normal positioning of the Icelandic low and Siberian high
pressure systems, which cause southeasterly winds to dominate. Such a
shift brings in cold continental air off the Siberian plateau, which gives
rise to greater ice production in the southern Barents.

The protection offered by the perimeter location of the major island
groups of Svalbard, Franz Josef Land, and Novaya Zemlya prevents the
influx of ice from neighboring seas where ice production is greater. In
addition, weaknesses in the ice cover are prevalent on the leeward side of
most island groups in the Barents. Prevailing easterly winds continually
drive the ice offshore so that the ice that is present at any time is newly
formed and relatively thin. These lee-side polynyas are generally evident
throughout the winter off Nordaust Land, Kong Karls Land, Kvitoya,
Novaya Zemlya, and especially Franz Josef Land. The spring-summer
melt pattern usually initiates and expands from these areas. During sum-
mer, the polynyas typically expand southward to meet the northerly re-
treating main ice edge, forming vast tongues of open water. In a normal
summer the ice edge retreats to about 78°N. While all the major islands
have actively calving glaciers, icebergs are not a serious concern to navi-
gators in the Barents at any time.

The Kara Sea
The other seas along the Russian coast are influenced by cold conti-

nental air masses and hence experience much colder air temperatures.
Mean winter temperatures range from -15 to -20'C in the southwest
Kara and from -25 to -30'C in the north and east Kara. Mean summer air
temperatures range from 0 to 5°C. The sea ice cover is greatly influenced
by its relatively landlocked perimeter, winds, river runoff, and shallow
bathymetry. Due to Novaya Zemlya, there is little exchange of warm wa-
ter from the Barents. Likewise, Severnaya Zemlya inhibits exchange with
the Laptev Sea. Water and ice mass exchange is almost entirely with the
Arctic Ocean to the north.

Fast ice forms along the entire Kara coastline, and it is generally nar-
row except in the eastern Kara where it extends outward for 150 to 200
km. Throughout fall and winter the only substantial openings in the ice
cover usually occur at the boundary between this fast ice and the outer
pack ice. Offshore winds tend to push the pack away from the stationary
ice, creating occasional lanes of newly forming ice. This transport mecha-
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nism produces thicker ice to the north. The coastline at the eastern end of
*the Kara is about 650 kn farther north than at the western end. This obvi-

ously results in cooler air and sea conditions in the eastern sector. The ice
thickness in a normal winter ranges from 120 cm in the southwest to 200
cm in the northeast.

Summer melting in the Kara typically begins at the outer edge of the
fast ice when ice production ceases. A few weeks later the fast ice breaks
free and drifts seaward. Rivers flowing into the Kara constitute more
than half of all the runoff entering the Eurasian seas. Warm spring runoff
produces early open-water areas at the major estuaries, and by midsum-
mer, the western Kara is normally ice-free as far north as 75°N. There may
be open water as far north as 82°N during a mild summer. There is, how-
ever, a cold ocean current running southward along Novaya Zemlya that
piles ice into the Kara Gates. This ice will often survive through an un-
usually cool summer.

In the eastern Kara, summer melting is less extensive; nearly half of
its area remains ice-covered throughout a normal summer. The year-to-
year variability; however, ranges from zero to 80% coverage. In addition
to a more northerly latitude, warm river inflow is dramatically less here
than in the western Kara. There is no prevailing summer wind pattern,
but in some years, westerly winds concentrate ice at its eastern barrier of
Severnaya Zemlya and the Taymyr Peninsula, creating a difficult barrier
to navigation.

Freeze-up begins in September in the colder northeast Kara and in
October in the less saline central region where the Ob' and Yenisey Rivers
enter. After that, the intervening region rapidly grows an ice cover that
connects the two. The extreme southwest sector, extending 180 to 275 km
eastward from the Kara Gates, normally remains open into November,
but with great year-to-year variation (late October to late December).

The Laptev Sea
Sea ice distribution in the Laptev is influenced by cold winter tem-

peratures, southerly winter winds, ocean currents, heavy river inflow,
and a vast continental shelf of very shallow depth. With the extraordi-
narily broad continental shelf in this region, half of the entire Laptev is
less than 50 m deep, and south of 76°N, its depth does not exceed 25 m.
Because of these shallow waters, the Laptev and the East Siberian seas
have the largest expanse of fast ice in the world from January to June. The
fast- ice thickness typically reaches 200 cm due to mean midwinter air
temperatures of -30'C and can grow up to 250 cm thick during severe
winters.

Similar to the Kara, prevailing southerly winter winds continually
push the pack northward away from thc fast ice, resultirg in a nearly per-
manent lane of weakness. The amount of old, thick ice found in the
Laptev is limited not only by these winds but also by northward ocean SOME RU55AN
currents. The total area of summer melt is particularly extensive due to GORUSSIANGEOGRAPHICAL TERMS
this reduced presence of old ice. In the western Laptev, however, the ice
drift is southward, and large masses of ice are deposited along the ny6a (goo-bah , n. bay, inlet.
coast of Severnaya Zemlya and the Taymyr Peninsula. Along with the mope (goo-rea), r. l'a .
eastward ice deposition from the Kara, Vil'kitskogo Strait and the Mope (mo'-reh) n. sea.
Taymyr coast present a serious challenge to navigation at all times of Moc (miss), ri. cape.
the year. ocTpo (os'-trov). n., pl.

Many rivers empty into the Laptev, but the Lena accounts for more ocpo (os-ro a), ila
than 70% of the total inflow. The summer melt pattern is greatly influ- o3ePo (o'-ze-roh), n. lake.
enced by this warm water influx. Large areas of open water expand out- noMy emrpo (po'-loo-os'-trov),
ward from the deltas so that, by the end of summer, the Laptev is typi- npolB (pro-lee'). n. strait;.
cally ice free aq far north as 77°N (only 74*N for the western portion).
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Winds are light and variable in summer, but prolonged easterlies trans-
port additional ice into the Taymyr ice massif.

The East Siberian Sea
Of all the Eurasian seas, the East Siberian experiences the least

amount of summer melting. On average, more than 5Or/6 remains ice-cov-
ered throughout the summer season. The persistence of the ice cover is
attributed to cold winter and cool summer air temperatures, prevailing
winds, ocean currents, a wide continental shelf, and meager river inflow.

The East Siberian Sea is the shallowest of the Eurasian seas. The
broad continental shelf allows fast ice, averaging 170 to 200 cm thick, to
extend as far as 500 km outward from the coast. In winter, prevailing
southerly winds bring up cold continental air, producing a winter mean
air temperature of -30'C. These winds also cause weak ice conditions
and potential navigation lanes at the outer edge of the fast ice as they do
in the Kara and Laptev seas.

In summer, the winds shift to northerly, bringing in polar air. In addi-
tion to cool air temperatures, warming from river inflow is limited. Total
river discharge into the East Siberian amounts to only 20% of the Kara's
total and only 35% of the Laptev's. Ocean currenis favor the influx of ice
from (rather than its removal to) the Arctic Ocean, resulting in the perma-
nence of the Ayon massif that protrudes into its eastern sector. Winter
freeze-up begins in the north in September and is usually complete by
mid-October.

The Chukchi Sea (Russia)
The Chukchi Sea is almost totally ice covered from early December

to mid-May. It experiences a large seasonal variation in ice cover, losing
about 80% of its maximum winter extent during the summer season. The
extent of its summer ice melt is exceeded only by that in the Barents. Im-
portant factors that influence sea ice distribution in the Chukchi are the
sea's bathymetrv, winds, ocean currents, air temperatures, and the pres-
ence of Wrangel Island. Winter mean air temperatures range from -30'C
in the west to -20°C in the east due to the inflow of relatively warm water
from the Bering Sea. Consequently, winter mean ice thickness ranges
from 130 cm in the east to 180 cm in the west. Because the continental
shelf is less extensive, only a 10- to 15-km-wide band of fast ice forms
along the mainland and the Wrangel Island coast. Ocean currents and
winds tend to concentrate old ice from the Arctic into Longa Strait under
great pressure, which can sometimes present the greatest navigational
obstacle of the entire route. It was at this location that the 50-ship convoy
became ice-bound in the autumn of 1983. The only midwinter area of
weakness is a lee-side polynya that forms off Wrangel Island that can oc-
casionally be 100 km wide. The prevailing onshore winds of winter nor-
mally shift around to a more offshore flow in the spring, resulting in a
narrow lane of open water along the coast for the duration of the ship-
ping season.

The summer melt pattern is primarily influenced by the influx of
warmer water from the Bering Sea. Breakup initiates in the eastern end
and progresses westward. At the height of summer (mid-September), the
Chukchi is normally 80% free of ice. Summer air temperatures average
from 2 to 5°C. Winter freezeup is usually delayed into September or Oc-
tober by this warmer inflow, and open water north of the Bering Strait is
found into late November.

Alaskan waters
The information presented here was extracted primarily from the

Arctic Marine Transportation Program (AMTP) summary report by
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Voelker (1990). The program, which took place from 1979 to 1986, col-
lected field and operational data during twelve deployments of a U.S.
Polar-class icebreaker to the ice-infested waters surrounding Alaska. The
program's purpose was three-fold:

" To assess the feasibility of commercial marine operations in ice,
* To obtain data for improving ship design for ice operations, and
" To define the environmental conditions along potential ship-

ping routes.

Therefore, this environmental summary contains information that is
more applicable to ship trafficability in the Chukchi, Beaufort, and Bering
seas.
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Based on an analysis of meteorological and satellite imagery data
and experience gained from the ship deployments, thirteen specific geo-
graphic areas were identified as having differing levels of environmental
severity in terms of trafficability (Figure 3). These zones are based on rep-
resentative conditions that would result during an a, ei age ice y.ar with
winds trending from the north to northeast and prevailing throughout
the winter season. The winter season for the Bering Sea is considered to
be 6 months long (December through May). Winter in the Chukchi is 9
months long (November through July), and in the Beaufort Sea it is 10
months long, beginning in October and ending in July.

The Bering Sea
In the Bering Sea, open water can be expected from about the Pribilof

Islands southward. The southern limit of zone 1 marks the ice edge
where pack ice in low concentrations is found. Zones 2 and 3 are areas of
landfast ice with a level ice thickness range of 100 to 130 cm based on
freezing-degree-day calculations (LaBelle et al., 1983). Areas marked as
zone 4 lie in the shadow of land masses and are thus somewhat sheltered
from the degree of ice movement and consolidation that occurs in more
exposed locations. Ice here is usually less than 30 cm thick during periods
of prevailing northerly wind. Zones 5 and 6 are regions of dynamic ice
displacement, resulting in pressure ridges, rubbled floes, and open leads
caused by ice drift averaging 0.3 to 0.5 knots. Ice, which is transported
primarily by wind, consolidates to a thickness of between 30 and 120 cm.
The most severe ice conditions in the Alaskan Arctic are found just south
of the Bering Strait (zone 13). Ice becomes extrnmely rubbled and
compacted to the windward side of St. Lawrence Island. Year-round ma-
rine traffic using current icebreaking capabilities is technically feasible
throughout most of the Bering Sea, but it is usually suspended from late
December to mid-May, according to the U.S. Coast Pilot manual (USDC /
NOAA, 1981). Fast ice begins to form along the coast and in sheltered ar-
eas sometime in October. Pack ice formation in the more open areas be-
gins its southward progression in November with the seasonal cooling of
the water. According to Brower et al. (1988), 97% of the ice found in the
Bering Sea aciually forms there with very little southward influx of ice
from the Chukchi Sea. Winter ice coverage in the Bering is highly variable
from year to year and even month to month due to shifts in prevailing
winds that produce leads and polynyas of short duration. Thick,
multiyear ice is generally not found in the Bering Sea, since the ice cover
melts out completely during the summer.

The Chukchi Sea (Alaska)
The Alaskan side of the Chukchi Sea is divided into three different

zones of severity. Zone 7, adjacent to the Alaskan coastline, is a region of
relatively stable and level shorefast ice ranging in thickness from 155 to
190 cm. Zones 9 and 10 roughly divide the Chukchi at 69'N latitude. The
ice conditions in zone 9 (that is, pressure ridges, thick rubble ice, and ice
pressure) are generally more serious than those found e tywhere in the

Bering (except zone 13). Zone 10 conditions are made inure serious still
by the greater concentration of drift ice that enters from the Beaufort Sea.
The drifting ice ranges from 150-cm-thick first-year ice to 9-m-thick
multiyear floes.

Freezeup in the northeast Chukchi ',.ogins in mid-September to
early October and progresses southwestward. The Coast Pilot manual
(USDC/NOAA, 1981) recommends that southbound ships be south
of the Bering Strait by early November. Two winter deployments to
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the north Chukchi during the Arctic Marine Transportation Program,
however, concluded that year-round trartsits are technically-but prob-
ably not economically-feasible using current U.S. icebreaking capabili-
ties. The study pointed out that the full 60,000-shp operational capacity
of the Polar-class icebreakers was often required and that ice piloting and
operating skills were extremely important. Average air temperatures for
coastal stations in February, the coldest month, range between -18 and
-30'C, while extremes of -45°C and below have been recorded. Winds can
be severe and prolonged, leading to extreme ice pressures and dangerous
wind-chill conditions for personnel. The 5-year return period for maxi-
mum sustained winds for both the Chukchi and Beaufort seas is 68 knots.

The disintegration of the seasonal ice cover begins, usually around
mid-May, at the seaward edge of the fast ice along Alaska's norfhwest
coast in response to strong offshore (easterly) winds that develop in
March and April. However, the pack ice generally remains close in to Pt.
Barrow until late July or early August.

The Beaufort Sea
The Beaufort Sea presents the most challenging navigation condi-

tions in Alaskan waters. The narrow region along the northern coastline
(zone 8) grows fairly stable landfast ice averaging 200 cm thick. The area
contains not only level, first-year sea ice, but also has an abundance of
pressure ridges and multiyear ice. At the seaward edge of the fast ice, at
approximately the 20-m isobath, is a shearing zone marking the transi-
tion to highly dynamic pack ice that constitutes zones 11 and 12. Shear
ridges in this transition zone are larger and more extensive than any-
where else on the Alaskan coastline. Both zones have an abundance of
very large (several km in diameter) multiyear floes and first-year rubble
that produces massive pressure ridges. Zone 12 experiences a greater fre-
quency and intensity of pressured ice conditions because of its relative
poxitiun with Alaska's north coast and prevailing northeasterly winter
winds. February air temperatures along the coast average -28 to -30'C.
Summertime air temperatures average 2 to 6'C. Because ice transit op-
erations there are so demanding, refueling stops for icebreakers along the
way would be required where none currently exist. The median date for
opening the cargo transport season around Barrow to Prudhoe Bay is
August 2, but it has varied between July 19 and September 3. The length
of the navigation season also varies considerably. In 1975, the route never
opened, whereas in 1958 it was considered navigable (5/1 ic cc-cn'ia-
tion or less) for more than 99 days (USNOCD, 1986b).

ICEBREAKING TECHNOLOGY

n the last four decades, significant developments in icebreaking tech-
nology have taken place through the application of modem marine

technology to the design and the operation of polar ships. As a result,
ships can travel to remote polar regions that were deemed impenetrable
only a few years ago. Basically, polar ships have become larger, stronger,
and more powerful. In addition, innovative ideas have been implement-
ed to improve propulsion systems and reduce the resistance encountered
during icebreaking. Many nations have contributed to this development
by designing and building polar ships and by launching voyages to vari-
ous regions of the Arctic and the Antarctic. Some of the landmark voy-
ages during the last four decades are listed in Table 8 (Brigham, 1987).

The impetus behind these technological advances has been due to:
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( Table 8. Selected important polar voyages in recent years.

rolar ship/flag Thmre or year Route/location

Lernin Summer 1960 Northern Sea Route Wold's lot nuclear ourf3(ce ship c.jrr-
USSR mences ocebreaking escort Jtureo

Manhattan Autumn 1969 Nortrlweot Passage Expeimenital vcoiageo to test the fea6-
US biity of comrmerl-al tarkers n the Ant: c:

Louis S. 3t.Lauirent Aug 1976 Northwest Passae Successful escort of a Jr , p f-onm t-e
& Carimar Explorer 11 Alan c to th(e Cariacian 5t autrr Y'ra

(CAnada

Arktika Aug 1977 Murmansok to the North 1st surface ship to reacr' th& Jec'-
USSR Pole and return graphic North Pole (17 Aug)

Si'r & Ka 'Pitan May-Jun 197E5 Northern Sea Route (north lot high-atiruje "trans-Arrt,c>:o
Myshevskly of Novosibmsrkiy Islandse escort

USS9R

Polar icebreakers5 ariA Navigation season Sarent and K-ara s3e3a lSt succesful year-ro~irJ ravigation r'or
cebreakingq carriers 1978-79 Mjrrnans< to Dudir.0 on Tr'e Yen sey( iver

USSR
P'olar Star& 1979-86 bering, Chukchi, ania Arctic mnarine transportatio 't rartoc-
Polar Sea beau~fort eas ability") 9tu~ie5 arounJ Alaska

US,

Polar Sea Jan-Mar 1981 bering Sea to 5eaufort Sea lst winiter trars t. Wo E'T. L33rrA, Aia ,
US

rolar Star Dec l9b2-Mar 1253 Antarctica 1st high-latitudle (atsove 60'5) circum-
US navigation of Antarctica in MOJerr timles

Leoriid lSrezhnev anil Oct-Nov 19&3 North coast of Chukotka, Rescue of 50 cargo ships t-apped in ce
12 other ice-breakers Siberia

USSR

Arctic Aug 19M5 Bent Horn, Cameron let cargo of crule oil fromn the
Canada Islandj Canadian Arctic

Vladivostok & Sornov Jun-Sep 198? Near Russkaya Station, Rescue of Soviet Antarctic Expedition
USSR Holbbs Coast, Antarctica flagship drifting in heavy ice

3 5A-15 icebreaking Nov-Dec 19L35 Northern Sea Route Experimental navigation season ex-
carniers tensionl with eailings from Vancouver

USSR to Arkangelsok

Icelrd Fall 1985- Australianl Antarctic Bipolar resupply operations to
F RG Summer 1956 stations and Japan to Antarctica and Prudhoe S3ay

Prudhoe Say Alaska

Polarstern Jul-Aug3 1986 Weddell Sea, Antarctica Winter oceanographic olperations
FRG

Sibir' May-Juni 1987 Central Arctic 5asin Evacuate drift station 27 and establish
USSR drift station 29; 2nd surface ship to

reach the gecographic North Pole (25 May)

5A-15 icebreaking Summer 1969 Europe to Japan via the Soviet arctic carriers under charter to
carriers Northern Sea Route Western shippers for commmercial voy-

USSR ages acmss6 the top of the Soviet Union

Rossiya Aug 1990 Central Arctic 5asin rransit to the North Pole (6 Aug) with
USSR Western tourists ab~oard

Arctic Jun 1,991 Northwest Passage to the Earliest seasonial surface ship transit
Canada Polaris Mine, Little Corn- in eastern reaches of the Northwest

wallis [sland Plassages; mine reached 23 June

~ovietskiy Sceyuz Jul-Sep 1991 Central Arctic lSasin and f~ransit to the North Pole and along the
USSR, Northern Sea Route Northern Sea Route with Western

tourists

Oden & Plastern Aug 1991 Central Arctic Besin International Arctic Ocean Expedition;
Sweden & FIRG reached the North Pole (7 Sep)

After brighamn (1992).
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Adivancing Polar Ship Technology-
Repreentative Events
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FiVire 4. Sig~nificant events in the advancement of polar ship teclinolw," since 1955 (firomt Brighamn, 1987).

" The exploration for natural resources around the Arctic basin,
" The developmient of the Northern Sea Route by the Soviet

Union as an integral part of the development of the entire Rus-
sian Arctic, and

* The need for mnulti-mission ships to transport personnel, logis-
tics.. and marit~e research in the Antarctic.

A summary of significant advances in polar ship technology over the
past four decades is shown in Figure 4. Events associated with the pro-
gress made by Finland and the former Soviet Union are shown in the fig-
ure below the tirne)ine, and those by the U.S., Canada, Germany, and Ja-
pan are above.

Together, Finland and the Soviet Union have made major contribu-
tions to the development of polar ships. The Soviet Union first used nu-
cic~t. tech-nology to power the icebreaker Lenin, which was launched in
1959. The Finnish shipbuilder Wartsila built many icebreakers for the So-
viet Union and provided many advances, in design during the years of
development of conventionally powered icebreakers. Recently, these two
technologies have merged (Figure 5) to develop Tayi,'yr-c lass, shallow-
draft polar icebreakers built in Helsinki with Soviet nuclear propulsion
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Soviet Nuclear Ship Technology

Nuclear Deep-&'aft Polar 10 Deep-cdraft Polar 00 Deep-draft Polar
Osse 44.000 SHP 75.000 5HP 75,000 SHP

Eiectrlt~~~~~~~hllwdrf Polaraf oa ee-rf olrSRKN ~ NTY

Claee 22.000 SHP 30.000 SlIP 5hallow-draft Polar 22,000 SHP

1 V05ska (1959) Y'c'.rk (1974) 1 aprar 1. Kpta,

2 . - ad(1960) 2.,".a ~4 (19
7

5) 3crolr (1977) ),Arriy' (1950)
3. 19

5) 3. K~ari: (15) 2 Kapta' 2. Kpta.

5. Vaa2j'cnm (1909) SHP 5ahaft Horoepower

Figure 5. Design evolution of Soviet polar icebreakers (from Brigham, 1991 K)

Single Pressrurzeui Ship Systemsg Operate at
Water ReaCtor Air Temperatures to -509C

2 Main Steamn Turhieo

Power Unt Automation
arol Control System

2 Vain Genierators ..

P -ta'-c, Sytt. Frito 5t0e Plate

(Finlarel) (LjSSPi)

Figure o. Taymyr-class shallo-o-d raft nuclear icebreaker (from Brigham, 1991bi).

systems installed in St. Petersburg. Figure 6 is a sketch of a Taynir-class
shallow-draft nuclear icebreaker, including relevant ship systems with
their country of origin.

Similarly; developments in the U.S. and Canada have contributed to
changes in key areas of icebreaking technology, such as hull and bow
form, gas turbines, and the controllable-pitch propeller. fn the early
1980s, modem hull and propulsion technologies were also applied to ant-
arctic ships (for exdnple, Japan's Shirase and Germanv's Polarstern). In
the late 198Ns, the bow of the Finnish-built Soviet icebreaker Mfudylig was
converted to the newly developed Thyssen-Waas bow. The results of
full-scale trials in open water and in ice indicate that this change to the
Nfidwvu has resulted in overall increased icebreaking capability at re-
duced power requirements (Milano, 1987). Such an improvement in bowN
design may result in substantial savings in fuel costs. However, there
were problems with wave slamming in open water operations during
high seas. Recently, the bow of another Russian icebreaker, the Kapitan
Sorokin, has been changed to thePThyssen-Waas bow. The performance of
these ships is being evaluated both in ice and in open water. While there
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is substantial improvement in the performance of polar ships with the
Thyssen-Waas bow in level ice, their performance in rubble ice and
ridges appears to be the same as that of ships with conventional bows.

Polar ships

Information on most of the icebreaking ships in the world is given in
the appendix of the review paper by Dick and Laframboise (1989). For
the sake of completeness, that list is included as Appendix A of this re-
port. It contains data on icebreakers and icebreaking cargo ships from Ar-
gentina, Canada, Denmark, Finland, Japan, Sweden, United Kingdom,
Russia (or the former U.S.S.R.), U.S.A., and Germany.

Trends in icebreaking technology
Dick and Laframboise (1989) have reviewed the development of ice-

breakers and icebreaking cargo ships. The following is a summary of the
trends presented in their paper. For more detailed information, readers
are referred to the papers and reports in the reference list and the bibliog-
raphies.

Sizes and dimensions
The main dimensions of a polar ship are its length, breadth, and

depth. The depth of water in which a ship can operate without touching
bottom depends on the draft. The dimensions of each icebreaker (cargo
ships not included) listed in Appendix A are plotted in Figure 7. The
length of polar ships ranges between 40 m and 140 m. This database in-
cludes river icebreaking vessels and ice management vessels in the Beau-
fort Sea.

Breadth
The mean length-to-breadth ratio varies from 3.6 to 4.6 for lengths

from 40 m to 140 m, respectively. North American vessels are narrower
than those from Finland, Sweden, and Russia. This may be explained by
the practice of convoy escort that is used in the Baltic and the Russian
Arctic.

Depth
The mean length-to-depth ratio varies from 8.9 to 8.2 for lengths

from 40 m to 140 m, respectively. This ratio is high for supply vessels and
low for conventional icebreakers.

40I I 1 1

C3

0 o o Draft10 ,B

0 40 80 120 160 200
Length (m)

Figure 2. Dinensions of icebreakers (cargo ship not included)
(from Dick and Laframboise, 1989).
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Draft
The mean length-to-draft ratio varies from 11.4 to 12.2 for lengths

from 40 m to 140 m, respectively. Draft, like other dimensions of a ship, is
usually defined by the operating requirements of the ship.

Hull form
The primary consideration for the choice of hull form is the lowest

power required to make progress in ice. Secondary considerations in-
clude power requirements in open water, maneuvering, and protection
of propeller(s). The following considerations are taken into account when
selecting a hull form:

" Performance in ice of all types,
* Performance in open calm water,
" Performance in heavy weather in open water,
* Maneuvering capability,
" Choice of overall dimensions,
* Ease and cost of construction,
" Ease of repair, and
* Type of ship (such as cargo or icebreaker).

Most icebreakers have a conventional bow, but recently a few ships
have been constructed with nonconventional bows. These designs have
been guided by one particular consideration, such as construction cost,
icebreaking efficiency, or maneuvering.

Bow shape
The selection of bow shape is greatly influenced by the mission pro-

file of a polar ship. The shape of an icebreaker's bow is characterized by
five basic design features (Figure 8). Flare angles contribute to ice-
breaking and submergence efficiency, and waterline angles contribute to
clearing efficiency. Buttock angle and stem angle are associated with the
flare and waterline angles and contribute to breaking and submergence
efficiencies.

The progression in the design of icebreaker bows over the last two
decades has been to increase frame flare, reduce waterline angles, and re-
duce stem and buttock angles (Dick and Laframboise, 1989). These
changes were developed by performing a systematic series of model tests
to produce a more efficient icebreaking bow. When the values of stem
angles of different icebreakers are compared, there is a general trend over
the years of decreasing stem angle from 30' to 200.

Different bow shapes are shown in Figure 9. The following is a brief
discussion of each type.

(a) Straight stem with parallel buttocks. This shape was commonly
used for Soviet and Finnish icebreakers since the 1950s, as dem-
onstrated by the Moskva-class icebreakers in the '60s and the
Urho-class Baltic icebreakers in the '70s.

Flat Waterline
5uttoock . Flare Angle

of k~ Angle .,.Anl 'Angle

H '

Lf

Figure 8. Main features of bow forms (from Dick and Laframboise, 1989).
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Straight Stem Concave Stem
with Parallel Buttocks (White Bow)

High Framne Flare Angl3es
(Melville 13ow)

Spoon Bow Semi-spoon Bow Flat Family Thyssen-Waas Bow
with Reamers with Chines

Figure 9. Different shapes of icebreaking bows (from Dick and Laframboise, 1989).

(b) Concave stem (White bow). The concave stem was developed
for efficient icebreaking and ice clearing. This bow shape was
used in the Polar Star and Polar Sea, built in the mid-70s; the Arc-
tic, built in the late '70s; and the Canadian R-class icebreakers,
built in 1978 and 1984.

(c) High flare angles (Melville bow). The high frame flare shape was
developed to reduce the icebreaking component of ice resis-
tance. Recently, Arctic was modified to this type of bow, and its
performance increased from 2 to 8 knots in 1-m-thick ice.

(d) Spoon bow with reamers. The spoon-shaped bow is more effi-
cient in icebreaking because the shape allows constant frame
flare throughout the bow length. This shape was used in the
past, but was discontinued due to high resistance in heavily
snow-covered ice. With the introduction of bubbler systems or
water-wash systems, snow resistance is of l.,s concern. A modi-
fication of this shape was reintroduced on the Canmar Kigoriak,
built in 1979, and the Robert Lemeur, built in 1981. The extended
beam at the shoulder (reamers) with the abrupt change in shape
causes extra resistance in open water.

(e) Semi-spoon bow with chines. This shape is similar to the spoon
bow, except that the extended beams (reamers) are replaced by
shoulder chines. This shape has been used on vessels for ice
management operations in the Beaufort Sea and has demon-
strated an improvement in icebreaking performance, with some
detrimental effect on open-water resistance.

(f) Flat family. These shapes are similar to the spoon bow and semi-
spoon bow shapes, except that flat plates have been used to re-
duce construction costs. This shape was developed as a compro-
mise between icebreaking capabilities and construction costs.
This type of bow has been used on the Arctic Nanabush, built in
1984, and the Arctic Iik, built in 1985, both of which are used for
ice management operations in the Beaufort Sea.

(g) Thyssen-Waas bow. Icebreaking with this type of bow shape is a
significant departure from that with a conventional icebreaking
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bow. The bow first breaks the ice by shearing at the maximum
beam of the ship and then breaks the ice in bending it across the
front of the bow. This shape is characterized by flat waterlines at
the extreme forward end, extended beam, a low stem angle with
an ice-clearing forefoot, and a high flare angle below the water-
line. The ice clearing capability is so good that the channel be-
hind the ship is about 85% free of ice. The vessels that have been
fitted with this type of bow are the Max Waldeck (1980), the
Mudyug (1986) and the Kapitan Sorokin (1991).

Of the seven bow shapes listed above, the first three can be referred
to as "conventional" or "traditional" because they retain the smcoth hull,
which offers least resistance in open water. The other four shapes are
"unconventional" or "nontraditional" in that they are a distinct depar-
ture from smooth hull shapes. Each shape has some benefits and some
drawbacks, so the selection of a bow shape should be based on a full un-
derstanding of a ship's operational requirements.

Midbody shape
The midbody shape of a polar ship is characterized by three param-

eters: flare angle, parallel midbody, and longitudinal taper. The objective
of midbody flare is to decrease the resistance caused by the midbody
passing through the channel broken by the bow. Flare angles in various
icebreakers range between 4' and 200. Some of the icebreaking cargo
ships have a long, parallel midbody Some icebreakers have forward
shoulders to break a wider channel to eliminate any ice resistance from a
parallel midbody. Similarly, a midbody with longitudinal taper elimi-
nates ice resistance aft of the forward shoulders. This shape has been
used on barges that are pushed by small tugs that operate in sheltered
water behind the barges. The drawbacks of longitudinal taper midbody
are higher construction costs and an increased probability of getting
stuck in pressured ice. No icebreakers or icebreaking cargo ships have
used longitudinal taper midbody.

Stem shape
All icebreakers must move astern in ice. Some may move back only

in a broken channel or in broken ice, but there are those providing a sup-
port role that must break ice while moving astern. Depending upon the
mission profile, these ships may have an icebreaking/-deflecting stern
shape. The main concern while moving astern is ingestion of ice blocks
into the propellers. Despite many innovative stem designs and shrouded
propellers, there is still substantial ice-propeller interaction.

Propulsion
The technology of icebreaking propulsion has changed over the

years. The data from existing icebreakers and icebreaking cargo ships in-
dicate that power per shaft has increased over time.

Developments in propulsion systems include diesel-electric power
plants, propellers with fixed or controllable pitch, and the arrangement of
propellers. For example, the propulsion system of the multipurpose ice-
breaker Finnica consists of diesel generators, a cycloconverter control sys-
tem, and azimuth propulsion units. The Finnica's requirements of ex-
treme maneuverability are fulfilled by two azimuth thruster units, each
consisting of fixed-pitch, 4.2-m-diameter propellers in a nozzle.

Propeller
Fixed-pitch (FPP) and controllable-pitch (CPP) propellers have been

fitted to polar ships. FPPs continue to be used on most icebreaking ships,
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Figure 10. Shaft power vs. propeller diameter for icebreaking
ships (after Dick and Laframboise, 1989).

but since 1966, CPPs are being used extensively Using the data from ex-
isting icebreaking vessels, a plot of power vs. diameter for different types
of propellers is shown in Figure 10.

Shafting
Large-diameter propeller shafts are needed in polar ships because of

high power and high torque requirements. According to the data on ex-
isting polar ships, the range of power and diameter of propeller shaft are
5.5 to 15.4 MW and 380 to 775 mm, respectively.

Gear systems
The largest gearboxes fitted to an icebreaker are the single-input,

double-reduction gears on the icebreakers Polar Sea and Polar Star. These
ships are powered by a combined gas turbine and diesel electric system.
The gas turbines, rated at 18.7 MW, are used only when high power is
needed during heavy icebreaking. Most of the polar ships are fitted with
gears of relatively low power. In some ships, fluid coupling and over-
sized flywheels have been used to limit overload torque.

Electrical systems
Four types of electrical propulsion systems have been used in polar

ships. In chronological order of their development they are: dc-dc, ac-ac,
ac-dc, and most recently ac-ffc-ac (ffc = full frequency control). The dc-
dc system is the most commonly used in ships that have medium-speed
diesel engines as prime movers. The ac-dc system was developed to take
advantage of the lower weight, lower cost, and mechanical simplicity of
ac generators. This system is being used in many icebreakers, including
the Russian nuclear fleet and Canadian R-class vessels. The ac-ffc-ac sys-
tem is now being installed on new icebreakers. This system can cr'ntrol
the motor operation precisely and steplessly and is technically superior
to ac-dc and dc-dc systems.

Prime movers
The prime mover of a ship propulsion system should have the

characteristics of reliability, flexibility, maneuverability, robustness, and
overtorque capability. None of the prime movers used in polar ships has
all of these characteristics.

Experience with gas turbines as prime mover is limited to two ves-
sels, Polar Star and Polar Sea. As mentioned earlier, these I-urbines are used
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Figure 11. Power vs. breadth for icebreakers (from Dick and
Laframboise, 1989).

for heavy icebreaking, and a medium-speed diesel-electric power sys-
tem is used for cruising and light icebreaking. The Canadian icebreaker
Norman McLeod Roger was initially fitted with two industrial turbines,
but they have been replaced with conventional medium-speed diesel
engines due to the high specific fuel consumption of the gas turbines.
Steam turbines are used in a few icebreakers. These include the Canadian
Louis S. St. Laurent, the Russian nuclear-fueled icebreakers, and the Rus-
sian LASH barge carriers. Recently, the Louis S. St. Laurent has undergone
major reconstruction, which included changing the power plant from
steam turbines to a diesel-electric system.

Medium-speed diesel engines are the most commonly used propul-
sion systems in icebreakers and icebreaking cargo ships. This popularity
is due to their desirable characteristics, such as compactness, light
weight, fuel efficiency, and reliability. Their disadvantage for use in polar
ships is the lack of overtorque capacity. This shortcoming is overcome by
using an electric transmission system, which damps out the high torque
being transmitted to the engine. Some of the Russian icebreaking cargo
ships are fitted with fluid coupling between the engine and the gearbox,
allowing full-load torque to be developed at low propeller speeds.

Power and performance
The power-vs.-breadth plot of the data on existing polar ships (Fig-

ure 11) shows a trend of increasing power as a function of breadth. Except
for a few data points, there appears to be a well-defined relationship be-
tween power and breadth.

Using the information on performance of existing polar ships in ice,
the bollard pull/beam is plotted with respect to ice thickness in Figure 12.
Sr comparison, the data on performance were normalized for a speed of
2 knots. There appears to be a well-defined relationship between bollard
pull/beam and the ice thickness that may be broken at 2 knots. For a par-
ticular bollard pull/beam, the range of ice thickness above a minimum
value represents an improvement in the icebreaking capability of the hull
shape. It can be seen in Figure 12 that the most recent ships have more
efficient hull forms.

Other developments to improve the performance of polar ships in-
clude the use of low-friction coetings on the hull, air bubbler systems to
lubricate the ice/ship interface, air bubbler-water injection systems, and
the water wash system to pump large volumes of water onto the ice.
These improvements have resulted in better icebreaking capability.
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Figure 12. Icebreaking performance: bollard pull/beam vs. ice
thickness (after Dick and Laframboise, 1989). Bollard pull is measured
or calculated, data are adjusted for speed of 2 knots.

Slruclural design of polar ships
Structural design involves selection of material, size of plates, and

frames for maintaining the structural integrity of polar ships under loads
from waves and ice during their normal operation (Dick et al., 1987). As a
result of research and from experience in operating ships in ice, much has
been learned about the nature of ice loads and the mechanics of ice fail-
ure. Full-scale measurements of ice loads on many ships have yielded an
empirical description of ice forces and pressures to be used in design. The
magnitude of ice loads, the existence of significant damages, and the
emergence of affordable nonlinear finite-element analysis packages has
led to the wide use and acceptance of plastic design criteria.

Ice loads and pressures
Depending on the strain rate, compression of ice results in creep de-

formation with or without microcracking and brittle failure of the ice.
The constitutive relations between stress and strain for creep deforma-
tion at low strain rate are well known. However, the brittle behavior of ice
at high strain rate is quite complex because of instabilities caused by
macrocracking of ice, and the failure mechanism for brittle failure is not
yet fully understood. It is the brittle failure of ice that takes place during
ship-ice interaction because of high rates of loading. The data on effective
pressures obtained from full-scale measurement during ship-ice interac-
tions are plotted with respect to contact area in Figure 13; these data pro-
vide empirical values for effective pressure to be used in design.

Materials
Classification societies and regulatory authorities have devoted con-

siderable effort to the selection of steel grades suitable for use in the con-
struction of ships that are exposed to very low temperatures. The tough-
ness of steel depends on the operating temperature and the rate of load-
ing. In Figure 14, the plane strain fracture toughness of two grades (A and
EH) of steel are plotted with respect to temperature for three rates of
loading. It can be seen that grade EH steel has better toughness values at
low temperatures.

Steel fractures in a brittle manner without any warning of impending
failu,': when the stresses are of sufficient magnitude to propagate a crack
from a flaw or small crack in the material. The criterion for crack propa-
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Figure 13. Meatured effective pressure vs. contact area (after
Masterson and Frederking, 1993).

gation in linear elastic fracture mechanics is that an existing crack will
grow when the stress intensity factor at the crack tip is greater than the
fracture toughness of the material. For nonlinear material behavior, the
causes for brittle fracture have now been established, and the relation-
ships between the cause of fracture, the toughness of the material, flaw
size and shape, loading rate of the structure, and temperature are under-
stood. From this understanding, material and welding techniques have
been developed to increase the reliability of ship structures. It is the con-
sensus of many operators that the steel used in the present generation of
polar shipb is mostly adequate. However, the experience of operating
ships in the cold environment is much less than in warmer waters.

Welding
After selecting the steel, welding it is the next most important com-

ponent in the reliability of a ship's structure. Welds in ships must with-
stand the corrosive effects of seawater and stresses caused by cargo, ice-
breaking operations, and wave-induced motions. The biggest variable in
welding technology is the skill of the welder, especially when working in
confined spaces. The designer of a ship must take into consideration
flaws in the material as well as in welds.
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Figure 14. Plane strain fracture toughness vs. temperature for
two grades of steel (from Dick et al., 1987).
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The plating contributes the largest component to the structural

weight of most ships, and together with the frames and the stringers
forms the stiffened panels to resist the loads on a ship. The weight of a
ship can be reduced by reducing the plate thickness and increasing the
framing, but this increases the cost of fabrication.

For the design of plating, large-deflection plastic theory can be used
to predict the ultimate load-carrying capacity of the plates. The large-de-
flection theory accounts for the membrane action during deformation of
a plate.

Framing
The outer shell of a ship is supported by framing. Each frame acts

like beams, resisting loals on the shell by bending and shear deforma-
tion. A failure of framing due iu ice loads will constitute serious struc-
tural damage. Design of a frame usually takes into account plastic col-
lapse mechanisms, torsional buckling, shear failure, and local web crip-
pling.

Auxiliary systems
Technological advances in marine technology have brought consid-

erable progress in the design and the operation of polar ships. Unique
auxiliary systems have been developed to assist icebreaking operations.

The role of ice-ship friction has been understood through laboratory
experiments and full-scale measurement " ice pressure on the hull of
ships. A special coating called "Inerta 160," developed in Finland, ap-
pears to be good and cost effective, but a stainless steel belt on icebreakers
has proven to be more resistant to extremely heavy ice, such as multiyear
ridges. The application of the stainless steel belt is more expensive, but a
cost-effective solution may be a combination of a stainless steel belt and
Inerta 160 with cathodic protection to reduce corrosion. One Russian nu-
clear icebreaker has a heated ice belt near the waterline to reduce friction.

Heeling tanks are used to induce a rolling motion of the ship. This
helps to reduce ship-ice friction and to free a ship stuck in rubble ice.
Bubbler systems, also developed in Finland, pump large volumes of
compressed air underwater to provide lubrication between the hull and
the ice. Many icebreakers use water jet nozzles to throw water on top of
an ice sheet. Use of these systems have been effective in reducing friction
between a ship and a snow-covered ice sheet.

Future developments
It is anticipated that there will be more winter operations in the ice-

covered waters of the Baltic, the St. Lawrence River, and the western part
of the Northern Sea Route, and there will be a steady increase of polar
research ships operating in the Arctic and the Antarctic. Currently, polar
ships have operated successfully in the heavy ice that exists along the
Northern Sea Route and the Northwest Passage. Future activities on
these routes will depend on the following factors:

" Technology-Future polar ships will be larger and more pow-
erful so they may proceed unimpeded through first-year,
multiyear, and rubble ice. These ships will use the latest ad-
vances made in remote sensing technology to avoid obstacles
in their path.

* Economy-Use of the northern routes will only be possible if
there is an economical advantage in using them. Development
of hydrocarbon and other resources in these regions may make
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it worthwhile to transport those resources through the north-
em routes.

* Environment-Shipping through ice-covered waters must
take place without any environmental damage to the fragile
ecosystems in polar regions.

* Operations-Icebreaking technology can help to go from one
point to another in ice-covered waters, but the skills of people
operating the icebreakers are equally important. Well-trained
crews will be esiential for routine transport of cargo through
these routes.

* Local people- Future development of trade routes should in-
volve local people because their lives will be greatly affected by
the development of the northern trade routes.

* Harmonization of regulations--As in open water transport,
there is a need to harmonize regulations governing icebreaking
operations in different parts of the world.

ADMINISTRATION AND REGULATIONS

F rom i932 t) 1953, the administration of the Russian marine Arctic
rested with Glavsevmorput (CANSR), which was a direct arm of the

Council of People's Commissars of the USSR This special affiliation af-
forded it greater status and power for carrying out its mission to develop
the Northern Sea Route. During this period large strides were made in
organizing regular navigation and developing the fleet and port infra-
structure. In 1953, CANSR became a department under the Ministry of
Merchant Marine in Moscow, and for 17 years the infrastructure was im-
preved to provide the capability for both summer and autumn shipping.
Since 1970, when CANSR became the Administration of the Northern
Sea Route (ANSR), the emphasis has been on achieving year-round
trafficability. When it was established, the agency was staffed with 35
people. By 1981, that number had been reduced to 16 and, later still, had
further dwindled to nine.

With the formation of the Commonwealth of Indepenident States in
1990, total jurisdiction over the route passed to the Russian Federation
(Arikaynen, 1991). In 1991, the Ministry of Merchant Marine was down-
sized to a department and placed under the Russian Ministry of Trans-
port. This consolidation was accompanied by reduced state subsidies,
which then were followed by additional manpower cuts.

The director of the ANSR, since May of 1990, is Vladimir Mikhaili-
chenko. He is the ex-captain of the ice-strengthened freighter Pavel
Pononarev and understands well the field operations end of the system.
The ANSR is currently responsible for meeting the annual arctic freight
transportation goals, while at the same time ensuring that personal and
environmental safety is maintained (Mikhailichenko and Ushakov, 1993).
These are very large tasks for such a small department to address ad-
equately. One of Mikhailichenko's primary goals is to bring in more for-
eign revenue to reduce the arctic fleet's dependence on state subsidy.

After Gorbachev's 1987 speech, regulations for foreign usage of the
NSR and a framework for administering them needed to be developed,
protocol for escorting foreign ships had to be established, navigation
guides and maps had to be declassified and made available, and so forth.
The Russians officially opened the route to foreign use in July of 1991.

Actual operations, including scheduling, route assignment, naviga-
tional support, pilotage, and so forth, are controlled by the two marine
operations headquarters (MOHQs). Their areas nf authority are divided
at longitude 125°E. Ships and shipments originating at the western end of
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the route are directed by the MOHQ located at Dikson on the Kara Sea
coast. The formerly state-owned Murmansk Shipping Company (MSC)
runs the Dikson MOHQ. Contractual arrangements for plying the route
in this direction must be made in advance with MSC's administrative of-
fices in Murmansk. For traffic originating at the eastern end, the corre-
sponding authority is the Far Eastern Shipping Company (FESCO).
FESCO's administrative offices and MOHQ are located in Vladivostok
and the East Siberian Sea port of Pevek, respectively.

The Regulations for Navigation on the Seaways of the Northern Sea Route,
adopted in Tuly 1991, were formulated by the Head Department of Navi-
gation and Oceanography under the USSR Ministry of Defense. The
regulations comprise a 21-page pamphlet in both Russian and English
that is quite widely available (see Appendix B), as it has been reprinted in
several conference proceedings and trade publications. In short, the regu-
lations require:

* ANSR approval.
* Ship certification for ice worthiness and an experienced Master.

If the MOHQ determines that the level of experience is inad-
equate, it may assign an ice pilot to the vessel for all or part of
the voyage.

* Proof of indemnity for possible damage liability (mainly pollu-
tion).

* Vessels must abide by all decisions of the MOHQ or face re-
moval from the route.

The regulations, in effect, grant full authority to the MCHQ to conduct all
NSR shipping as field conditions warrant.

Three additional ANSR publications reportedly elaborate further on
the rules and procedure. According to Mikhailicb,-nko and Ushakov
(1993), these are:

* Requirements for the Design, Equipment, and Supply of Vessels Navi-
gating the Northern Sea Route,

" Rates Charged for Lscorting Foreign-Flag Vessels 77trough the NSR,
and

• Guide to Navigation Through the Northern Sea Route.

The first publication, in Russian (an unofficial CRREL translation is
includea as Appendix C), details such requirements as double hulls, steel
plating thickness, powerplant size, and propeller design. Other re-
quirements for foreign vessels include a 30-day supply of fuel, a 60-day
supply of food, and a water distilling plant aboard for drinking water.

It is not absolutely clear what the other two documents will contain,
since requests to the ANSR, MSC, and FESCO for copies were not an-
swered. Mikhailichenko 5 stated that the second document (Rates Charged
... ) has not yet been published, and another souice6 said that the Guide to
Navigation is only a 607-page draft at this time and would not be avail-
able until the latter half of 1994 at the earliest. HP listed its mare sctions
as follows:

Section 1: General overview
Section 2: Hydrological/meteorological description

5 Vladimir Mikhailichenko, 1993, Administration of the Northern Sea Route, per-
sonal communication.
6 Mark G. Maliavko, 1993, HydroCon Ltd., personal communication.
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Sections 3-,6: Navigation directions for the various seas
Section 7: Navigational beacons and radio fiequencies
Section 8: General ice navigation techniques

PLANNING, LOGISTICS, AND OPERAtiONS

Avoyage along the Northern Sea Route consists of three phases: an
analysis phase, a planning phase, and an operational phase.

The analysis phase involves the preliminary decision-making proc-
ess that a ship owner would undergo to establish a need to use the NSR.
This would include making initial contacts, doing preliminary cost esti-
mates, and conducting a cost-benefit analysis to determine feasibility.
The planning phase begins once the ship owner becomes convinced of
the economic benefits and decides to use the route. It involves advance
planning, negotiations, contracting arrangements, and shipboard prepa-
rations prior to setting sail. The operational phase begins once the ship is
under way and involves the day-to-day operations necessary to physi-
cally transit the route.

The analysis phase
An analysis of the economic feasibility of arctic cargo transportation

is highly individualized for each particular owner, cargo, ship type, desti-
nation, and so forth. Backlund et al. (1993) discuss a model used by
Kvaemer Masa Yards, the Finnish shipbuilding firm, to help in this re-
gard. Wergeland (1991) made a generalized attempt to compare the eco-
nomic benefits of the NSR with the alternative canal routes using the tim-
ited available data. The reader is referred to the INSROP pilot studies re-
port (Ostreng and Jergensen-Dahl, 1991), the collected works found in
the special issue of International Challenges (vol. 12, no. 1, 1992), and those
contained in Brigham (1991b) for excellent recent information that also
might be helpful.

A cost-benefit analysis may well require information on the fees as-

sociated with the various route alternatives. The most recent and com-
plete economic information available can be found in Wergeland (1991),
which was relied on for the following. Prices are in U.S. dollars as of July
1991.

The guiding principles used by MSC and FESCO in determining the
fees for their services are said to be:Table 9. Icebreaker basis fees

for leading vessels through 9 Rates should not be lower than the actual cost of senices ren-
the NSR. dered; and

* Rates should be low enough that an economic advantage is
_Basis fe maintained over the alternative canal routes.

From T
O (US$/on)

....... . .That said, "Russian icebreaker fees," more specifically, depend on
100 1000 15.20 the vessel's displacement (size), its ice classification, the route chosen,

1.001 2,000 9.16 and the level of escort or support required. In addition to icebreaking,
2,001 5,000 5.51
5.01 8,000 4.73 this fee includes guiding by reconnaissance aircraft, hydrographic and
8,001 11,000 4.21 meteorological services, and the use of communication systems. To arrive
11.001 14,000 3.98 at a specific rate, a three-step process is used. First, the basis fee is deter-

14.001 17,000 3.82 mined for the size of the ship. This fee is derived from the relatively low-
17,001 20.000 3.72 est cost of guiding a cargo ship having the highest ice classification (ULA)

20.001 23.000 3.64 through the NSR. Table 9 shows the sliding scale that is used to deter-23,001 27,000 3.56

27.001 30.000 3.26 mine the basis fee: the larger the ship, the lower the per-ton tariff.
Secondly, the NSR has been divided into three different tariff regions

From Wergekand (1991). based on their historically known difficulty of transit.
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* Region A, from Novava Zemnia to Se\t'rnaja Zeniila i&( I
90'E);

" Region B, from Severnava Zemlva to thik Lvrug 't-ait Q(O to
1b9'W); and

* Region C, which includes all areas north ot the 78 N paraitel

The tariff for Region A is set at 70', of Region C, and for B it is ?O",, ot
Region C. The tariff for Region C (Table 9) is assessed for any full-tran.it
voyage or one that traverses two or more of these regions.

Thirdly, ships of lesser ice classification are required to pa" thc ftl-
lowing relatively higher surcharges: UL = 20% more, L = 44", B/ki
73%. Wergeland calculated the icebreaker fee for an L-class vessel of
15,000 displacement tons sailing in Region B at $66,000 (that is, 15,0(X)
tons x $3.82/ton x 0.8 x 1.44). The transit tariff for a foreign icobreaker on
the other hand, is 33% less than that for the ULA-class vessel.

Fees for compulsory piloting are assessed separately. The pilot fee is
for having a Russian icc pilot on-board during operations in ice. It is
$1.01 per nautical mile, based on the ship's "tariff distance" or shortest
recommended route. The cost to tansport the pilot out to the ship is al>'.o
assessed. Wergeland lists the following additional cost elements that
might be encountered during the voyage, citing a regulatory manual en-
titled "Port Dues and Charges for Commercial Soviet Seaports" (the
prices are as of the ,nanual's 1988 effective date):

" Route recommendation based on meteorological and ice fore-
casts where, for example, a one-day forecast is $90 and a three-
day forecast is $231.

* Communication services billed at the rate of $2.20 per minute
for telex and $4.50 per minute for telephone.

" Salary for a Russian helmsman at $33.33 per day if the vessel
doesn't have one qualified for ice navigation.

" Maps, guidebooks, tide tables, signals book, and such can total
$700 to $900 for the route.

" Special vessel steerage can be required by local authorities in
various ports of call for safety considerations. Unstated local
rater probably apply.

• Bunker-filling fee is $6.30 per ton, and the bunker itself is priced
at "world market rates."

" Supply of fresh water en route ranges between $0.99 and $11.69
per ton, depending on location and its quality.

It should be emphasized that few foreign ships have undertaken the
NSR, so there is little actual experience to draw upon. Further, the eco-
nomic, social, and political instability in Russia makes the future uncer-
tain: past experience does not necessarily reflect the future. There were
reports that the fees are more subjective than those outlined above, de-
pending more on the type of cargo than on actual cost of services (Arm-
strong, 1989).

Armstrong (1990) reported complaints of flat rate charges for
icebreaking services without regard to the amount of work done, but it
would appear that the rate schedule presented above will aciress those
concerns. Armstrong has reported more recently on wage and labor dis-
putes (1990, 1991, 1992a) and difficulties in arranging resupply voyages
due to lack of operating funds and "enormous" insurance rates (1993).

There does not appear to be an escblished protocol at this time. Ar-
rangements between foreign parties ard the Russian shipping com-
panies (MSC and FESCO) are negotiated on a case-by-case basis. Aleks-
andr Ushakov of the ANSR, when questioned at the 1992 Northern Sea
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Route Expert Meeting, replied that the transit tariffs were open to nego-
tiation depending on the specific shipping task and comparison with al-
ternative transport by rail. While there are problems to be overcome and
the costs appear to be in a state of flux, Ushakov was clearly open to and
inviting of cooperative discussion. That being the case, it might be useful
for potential NSR users to obtain information from other foreign parties
that have already used the mute (refer to Table 5). The annual summaries
of NSR activities that are published in Polar Record by Terence Armstrong
following each shipping season are another source of information. These
usually include reports of foreign involvement.

The planning phase
The first step toward arranging passage through the NSR is to obtain

official permission. 7 This involves contacting the ANSR in Moscow for
the appropriate application documents and regulations. Our requests to
the ANSR for copies of these documents went unanswered, but requosts
from potential clients may well be more fruitful. From various other
sources, however, we were able to gain some understanding of what
these documents are. An undated letter from Mikhaiichenko addressed
to the "Owner or Master of the Vessel" (Appendix D) states that the pre-
liminary n. tification to ANSR must contain:

1. Name of ship, flag, port of registry, and owner;
2. Gross/net tonnage and displacement of the ship;
3. Ship dimensions, draft, age, speed, engine output, propeller

material and design;
4. Ice class, classificaiion society, and bow design;
5. Approximate date of voyage;
6. Certification of liabi'ity insurance; and
7. Purpose of the cruise (such as cargo transport, tourism, re-

search).

Upon preliminary approval, the ship and its equipment are to be in-
spected for ice worthiness by agents of MSC or FESCO. It is assumed that
said owner will pay all costs associated with delivering his ship to a port
where a FESCO or MSC agent resides. We have not found a reference that
lists those particular ports. One of the main qualifications for passage ap-
proval (Mikhailichenko, 1992) is the ship's ice classification, which must
be at least LI by the Russian Register or IA by the Lloyd's, American Bu-
reau of Shipping, and Finnish registers, although ships having lesser clas-
sifications may be approved by special exception (see sections 2.2 to 2.5 in
Appendix C). In 1991, a small German yacht with no ice rating was ac-
cepted for escort from Nar'yan-Mar to Igarka on the condition that she
would sail only in ice-free waters.

After passing inspection, a vessel is granted a "Permission for Lead-
ing Through the Seaway of the Northern Sea Route." Cruises for scien-
tific research, tourism, and fishing are not permitted under these guide-
lines and need additional approval through diplomatic channels. Con-
tractual arrangements are then to be worked out between the applicant
and the appropriate shipping company by contacting its main offices in
Murmansk or Vladivostok.

Depending on the capabilities of th- foreign vessel and the ice-
breaking resources at hand, the MOHQ will then tentatively schedule the
date and determine the route of the voyage. The MOHQs are supposedly
"full-service" providers for any authorized usage of the NSR. More to the

7 Vl,iimir Mikhailichenko, 1993, ANSR, personal communication.
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point, foreign ship masters must follow the directives of the MOHQ rep-
resentatives at all times while on the route. All operational decisions,
such as route selection, times of departure and travel, and mode of pilot-
age are decreed by the MOHQ representative. Additional planning infor-
mation is apparently unnecessary since the foreign ship master is al-
lowed no navigational decision-making autonomy

MOHQ long-range forecasts originate with ice and meteorological
forecasting models derived by experts at the Arctic and Antarctic Re-
search istitute (AARI) in St. Petersburg. The long-range forecasts are
based on the mean multiyear statistical data of ice conditions (Arikaynen,
1991). The Russian understanding of sea ice, meteorological processes,
and other conditions for ice navigation is, in the opinion of U.S. experts,
unparalleled. However, with the limited time frame for thi s study, we
were not able to obtain enough information to enable us to evaluate these
forecasting products in any way.

Although complete control of all shipping is assumed by FESCO and
MSC during in-ice operations, a general awareness of climatic and
oceanographic conditions of the Arctic Basin is a necessity for planning

Table 10. Atlases of the Arctic Basin

Author Title 19ate Pklse

The Russian ArntVc
Gloersen et al. Arctic arid Antarctic Sea Ice, 197&-1957-, 1992 NOAA, Washington, D.C.

SatellitePassive-Microwave Observations
and Analysis

5.G. Gorshkov World Ocean Atlae--Volumc 3: Arctic Ocean 1983 Rergamoni Press, N.Y
(in Russian with English introduction and keys
to all maps)

A.D Hastings Surface Climate of theArotic Basini; Selected 1971 Ft. belvoir, Va.
climatic elements related to the performance
of surface-effect Ke~c, !Port ETL-TF-71-5

Jones & Bartlett Atlas of the Polar R~j je 1981 J&5 Publishing, Boston.
Pubrlishing., Inc. Mass.

S. Orvig (Ed.) Climates of the Polar Regionr% Vol. 14 of the 1970 Elsevier Publishing Co..
World Su rvey of Climatology: Amsterdam

l.P Romarov Atlas-Morphometric Characteristics of Ice 1993 Arctic. anid Antarctic
and Snow in the Arctic Basin (in Puesiar Pesearch lnstitutc.
and English) St. Petfrsburg

l.P Romanov Ice Cover of the Arctic Basin (in Fu55tan and 1993 AARI. St. etersburm
English)

A.F. Treshnikov (Ed.) The Atlas of the Arctic (in usian) 1985 AAPI, S5t. l'etersl'urg3

The Alaskan Arttlc
WA. brower-Jr. et al. Climatic Atlas of the Outer Continental Shelf 1988 Natl. Climate Data C ~r

Waters and Coastal Kegions of Alaska: Vol. I- NatI. Environmental
The Gulf of Alaska, Vol. lI-The Bering Sea: Satellite. Oata & WnCSc.
Vol. lI1The Chukchi-beaufort Seas NOAA; & Arctic Ervirom-

mnenta Info & Data Ctr

oickins5 et al. Environmental Atlas for Beaufort Sr,-u 0,1 Spill 1987 Environmental Protection
Response Service, Environment

Canada

LaBelle et al. Alaska Marine Ice Atlas 1983 Arctic Environmental

Info & Oata Ctr. Univ. of
Alaska. Anchorage

U.S. Naval Sea Ice Climatic Atlas: Vol. lI-Arctic East: 1950 USN 0CD. Ashville, N.C.
Oceanography NAVAIR 50-lC-541; and
Command Vol. Ill-Arctic West: NAVAIR 50-IC-542
Petarhment
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purposes. For this, the single-source atlases listed in Table 10 were recom-
mended by more than a half dozen experts from various U.S. agencies.
The list is by no means intended to be all-inclusive.

The operational phase
Operations while en route are monitored and strictly controlled by

the representative MOHQ. The regulations issued by the ANSR describe
the various modes of assistance that the MOHQ can require, depending
on the severity of ice conditions. These are:

* Shore-based pilotage, recommending routes up to specific geo-
graphic locations,

" Aircraft-assisted pilotage (fixed-wing and/or helicopter),
* Conventional pilotage with only a Russian ice pilot on board,
* Icebreaker-leading escort, and
• Icebreaker escort with ice pilot on board.

Shore-based guidance is likely to be rendered at the beginning and
end of a transit voyage, that is, in ice-free areas of the Barents and
Chukchi Seas. The level of control and guidance increases with the sever-
ity of ice conditions, both existing and expected. "Icebreaker escort with
ice pilot on board" is mandatory for the perennially difficult straits of
Vil'kitskogo, Shokal'skogo, Dmitriya Lapteva, and Sannikova.

The shore route has been sectioned into six zones of varying environ-
mental severity (Batskikh and Mikhailichenko; 1993). Russian experience
has shown that these areas typically require different navigational tactics:

1. From Murmansk to Kolguyev Island (330 to 50'E longitude)-
Generally ice-free or has only primary ice present. Ice-class ves-
sels can ply on their own without icebreaker assistance-

2. From Kolguyev Island to the port of Makarova (50' to 85°E)-
Navigation requires assistance by Arktika-class (75,000 shp) ice-
breaker through drifting first-year ice.

3. From Makarova to the northernmost mainland peninsula of
Chelyuskin (85' to 105°E)-Navigation through fast ice under
convoy of Arktika- or Vaygach-class (50,000 shp) icebreaker.

4. From Chelyuskin Peninsula to the Novosibirskiy Islands (10' to
140°E)-Ice conditions and tactics are similar to those for sec-
tion 2.

5. From the Novosibirskiy Islands to Wrangel Island (1400 to
17°E)-Navigation is through drifting first- and multiyear sea
ice with Arktika-class icebreaker assistance. It is currently pre-
ferred to convoy a single cargo vessel using two icebreakers.

6. From Wrangel Island to the Bering Strait (178°E to 170°W)-
Navigation is in drifting first- and multiyear sea ice under

Table 11. Range of safe speeds (kn) for new A rktika-class icebreaker convoy.
ships operating in drifting, 1-m-thick ice
with no compaction (ice pressure). The above prescription shows that the critical section is

e cfrom the Novosibirskiy Islands to Wrangel Island and the
1_o!°o)" . Longa Strait. Successful NSR transit depends most criti-

lce class. 0-30 40-0_ 7-50 90-00 cally on the ice conditions through this section; i.e., less

ULA 15-16 12-15 10-1 19 consolidation and ice pressure, and the existence of leads,

UL I 10-14.5 7-12,5 7-75 58 fractures, and polynyas. A paper by Buzuev and Likhom-
..... anov (1993) discusses current work at AARI to produce an

A ratio expressed in tenths or octas des cibing atlas that sections the Northern Sea Route into zones of
arnourt of sea surface covered b'y ice as a frac-
tion of the whole area being considered. difficulty and provides important navigation-related

guidelines for each. Table 11 is an example of the general
Source: Buzuev & Likhoianov (!993). information that this atlas will contain.
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Even though Igarka is the only port officially open to foreigne-s,
Mikhailichenko and Ushakov (1993) state that, on a limited basis, all the
arctic ports can supply food, tug service, fresh water, or repairs. Under
extreme circumstances, repairs, water, or bunker fuel can be provided by
the escorting icebreakers.

Information on weather, ice, and sea conditions along the Northern
Sea Route is obtained using satellite, shipboard helicopter, fixed-wing
aircraft, shore-based and drifting ice stations, drifting buoys, and ship-
board observations. The information is summarily used in AARI models
to produce both short- and long-range forecasts and ship routing aids
such as the ice map shown in Figure 15. Ice maps and routing recommen-
dations from the Dikson and Pevek MOHQs are sent twice a week to the
icebreakers and then relayed to the ships under their escort. Radio com-
munications along the route are handled from seven communications
centers, which are located at Anderma, Dikson, Cape Chelyuskin, Tiksi,
Pevek, Cape Shmidta, and Provideniya. Provideniya is operated by the
Ministry of Merchant Marine, and the others are maintained by the State
Committee for Hydrometeorology (Ushakov et al., 1991).

Ice mapping has been improved with the availability of high-reso-
lution imagery from the European Space Agency's Earth Resources Satel-
lite (ERS-1) platform. The Synthetic Aperture Radar (SAR) provides cov-
erage that is independent of darkness and cloud cover with a resolution
of 30 m. Nearly round-the-clock ice concentration mapping with a reso-
lution of 30 km is possible using data from the U.S. Defense Meteorologi-
cal Satellite Program (DMSP) Special Sensor Microwave/ Imager (SSM/
I). Although these technologies are not yet in use by the Russians, who
rely primarily on data in the visual and infrared spectrum, SAR and
SSM/I services are commercially available. Russian ice pilots can make
expert use of the information if it is available aboard a foreign ship under
their escort. In 1991, routing for L'Astrolabe's transit voyage was the
joint work of the Nansen Environmental and Remote Sensing Center
(NERSC), the European Space Agency, Mers Magnetique, the Norwe-

Figure 15. Sample ice forecast and ship routing analysis from the Arctic and Antarctic Research Institute, for the
coastal area between Dikson (lower left) and Cape Chelyuskin (upper right). It represents the ice conditions on the 1st and
2nd of August, 1990, and was integrated from satellite, aircraft, and icebreaker observations (from Buzuev, 1991).
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gian Space Center, and the Alaska SAR Facility Ice maps made from the
satellite products were telefaxed to the ship using the INMARSAT satel-
lite telecommunications system. The time delay from satellite observa-
tion to shipboard reception of the maps ranged from 6 hours to 2 days.
The quality and utility of the information was judged by the Russian ice
pilots to be extremely good relative to their own products. A description
of the routing work that was done for L'Astrolabe is contained in a report
by Johannessen et al. (1992).

The U.S. agency in charge of sea ice analyses and forecasting is the
Navy/NOAA Joint Ice Center (IC), which is soon to be renamed the
National Ice Center. It is the world's only organization that provides glo-
bal coverage, and its routine ice guidance products are available to the
general public. The data are derived from a variety of satellite-borne sen-
sors. These products (see Appendix E) include:

" A weekly, global-scale (1:10,000,000) analysis showing sea-ice
extent, concentration, stage of development, and the location of
leads and polynyas for the entire Arctic basin;

" A biweekly, regional-scale (1:7,500,000) 30-day forecast of the
above parameters; and

* A long-range seasonal outlook for the west Arctic, issued each
year on May 15.

The agency maintains a convenient 24-hour, auto-polling system
that subscribers can use to obtain analyses and forecasts in telefaxed
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Figure 16. A portion of an Alaskan Regional ice Analysis from the Joint Ice Center.
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form. Figure 16 shows a portion of their Alaskan Regional Ice Analysis
that was produced for 15 Oitober 1993. The JIC can also provide to any
U.S. government agency more specialized guidance products, including
ship routing recommendations, operational briefings, and aerial recon-
naissance support. For example, Figure 17 shows a ship routing recom-
mendation that was transmitted via satellite to the USCGC Polar Star, en
route from the Canadian archipelago to Point Barrow, Alaska, in Septem-
ber 1992. JIC provided latitude and longitude for each waypoint along
the track and the distance and heading between each point. The figure
shows several large ice floes that were avoided along the coastal route,
resulting in a significant savings in time and fuel.

Image ID: 32445Q0101 Sensor:. ERS-1
Center Time: 1992"27022:07:5628S Image size: 102 4 km (azimuth)
Center Location: lat 71.69 Ion -156A9 99.1 km (range)

6~8 x a IO

Barrow7 i.

13 x6 k

9 It km

Figure 17. A specialized ship routing analysis from the Joint Ice Center. The image was produced in September 1992
using ERS-1 SAR imagery for the USCGC Polar Star, which was en route from the Canadian archipelago to Pt. Barrow,
Alaska. It was sent directly to the ship via satellite and digital video processing hardware ant recommends a route to avoid
several large floes and ice consolidawon areas. (Photo courtesy of the Joint Ice Center.)
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A complete description of JIC products and support activities can be
found in USN/NOAA JIC (1993). This publication is currently under-
going revision to reflect recent transfer of weather forecasting respon-
sibilities to other Navy centers. Weather forecasts and ship routing sup-
port to government agencies for the east and west Arctic regions have
been transferred to the Naval Atlantic Meteorology and Oceanography
Command Center (NAVLANTMETOCCEN) and the Naval Pacific
METOC Center (NAVPACMETOCCEN), respectively (refer to the Points
of Contact section for addresses). The JIC products from previous years
are archived on 9-track tape and are available upon request from either
the National Climate Data Center (NOAA) in Asheville, N.C., or the Na-
tional Snow and Ice Data Center (NSDC) in Boulder, Colorado. These
and other archived products, which are available from the NSIDC and
could prove useful for operations planning, are listed in Appendix E

Rosenberg (1993) reports that satellites make voice and fax commu-
nications available to ships in all areas of the Arctic below 80N latitude.
The INMARSAT system, for example, can be used to send and receive a
variety of communications, including positioning and navigational infor-
mation, ice and weather forecasts, and emergency and distress transmis-
sions. This system enables, for example, the JIC's auto-polled products to
be transmitted directly to the ship. Various commercial firms also offer
routing products that can be telefaxed regularly to client ships. For ex-
ample, weather forecasts and route recommendations provided by
OceanRoutes, Inc., were transmitted to the Finnish tanker for its three
voyages from Arkhangel'sk to the Yana River in 1993. Laapio8 of Neste
Shipping reports that OceanRoutes products were used and well re-
garded by the Russian pilot on board.

Information about radio navigation and positioning systems in use
on the Northern Sea Route is very sketchy. The best information we
found totalled only one paragraph in Ushakov et al. (1991) and two in
Kjerstad (1992). They state that, in the last 50 years, the Russians have in-
stalled more than 2,500 navigation markers, light buoys, light beacons,
radio beacons, radar reflectors, and radar beacon responders throughout
the Arctic. Radio navigation is by way of their hyperbolic MARS-75 sys-
tem, which is similar in operation to the U.S. Loran-C system, though the
two are not compatible. It has an operating range exceeding 1000 km
from each of its three coastal links and provides essentially complete cov-
erage of the route. The Chaika radio navigation system, which is compat-
ible with Loran-S, operates for the Barents and Kara Seas. Satellite navi-
gation systems, such as the Navigator (U.S.) and the Glonass (Russian),
which will provide continuous and global coverage, are currently in de-
velopment. Their deployment is expected in 1995. Reporting on his ex-
periments using a GPS (Global Positioning System) satellite receiver
aboard the SA-15 Kapitan Danilkin, Kjerstad concluded that coverage en
route from Murmansk to the Bering Strait was continuous. He also stated
that the ship had both Russian and western navigation equipment in-
stalled.

For this study, we investigated only U.S. and Russian sources for
maps of the Northern Sea Route and, more specifically, hydrographic
maps. Some maps of the Russian arctic and Alaskan coastlines were pro-
duced by the Defense Mapping Agency (DMA) and are available from
the National Ocean Service (refer to Points of Contact section). The Alas-
kan coastline is fully covered, and there is fairly good coverage of the
Russian coastlines in the Chukchi, East Siberian, and western portion of

8 Juhani Laapio, 1993, Neste Shipping, personal communication.
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the Barents Sea. Appendix G provides the DMA diagrams showing the
maps that can be ordered for Region 1 (Alaska), Region 4 (Northern Eu-
rope and Russia), and Region 9 (the Far East). Except for three large-scale
maps, one each for the Kara Gates arnd the mouths of the Ob' and Yenisey
Rivers, there i3 no coverage between 45° and 135°E (the White Sea to the
Novosibirskiy Islands). We are not aware of any other publicly available
maps for this area from tJ.S. sources.

According to Mikhailichenko 9 Russian hydrographic charts cover-
ing the entire route are being declassified and made available for pur-
chase from the Russian State Hydrographic Department under the Min-
istry of Transport. We experienced extreme difficulty in getting them (see
Appendix H). At the October 1992 Northern Sea Route Expert Meeting,
held in Tromso, Norway, Mikhailichenko provided a diagram showing
23 charts that were available at that time; these are shown in Figure 18. In
December 1 Q3, we obtained a se of 37 charts (at a substantial mark-up
in price) from HydroCon, Ltd., a private distributor of geographic prod-
ucts based in St. Petersburg. This source informed us that the nautical
charts (in Russian) are actually issued by the Russian State Navigation
and Oceanography Department under the Ministry of Defense, which
has no policy for responding to one-time, small orders for their products.
HydroCon acted as a facilitator in working through the official and unof-
ficial bureaucracy to obtain the charts and arrange for their delivery. This

* exercise revealed the value of having an individual on-site in Russia to
facilitate requests and negotiations. Face-to-face contact by one who
speaks the language and knows the social system seems to be much more
effective for producing the desired result than long-distance inqwnres.
The map scales range between 1:10,000 and 1"500,000, with the majority
of them scaled between 1:100,000 and 1:200,000. They are considered by
Kjerstad (1992) to have very good detail for their stated purpose.

9 Vladiniir MikbaJiihek, 1993, ANSR. personal communication.
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OBSTACLES AND NEEDS

Social, economic, and politcalS ocial, economic, and political instability are the fundamentai ob-
stacles standing in the way of developing the NSR (Franzen, 1993;

Granberg, 1993ab). When Boris Yeltsin assumed the Russian presidency
in 1991, he inherited an economy on the verge of widespread collapse.
The shortage of basic goods led to social and political unrest that in turn
produced further chaos in the supply system. Drastic emergency reforms
were instituted in 1992 to stem the tide, but during the three previous
years, virtually every economic indicator was showing the strain. In 1991
alone, the Russian GNP dropped 17% while retail prices increased by
189%. Although salaries increased by 80% in response to inflation, pur-
chasing power fell an estimated 21/2-fold (Franzen, 1993). The govern-
ment's response to the crisis has been to print more rubles, which fuels
inflation. Franzen projected that inflation for 1992 could run as high as
2000%. Granberg cites many examples of economic distress that may ad-
versely affect NSR operations.

"Any optimistic discussion of the in- The Russians dedare that the Northern Sea Route is now open and
ternational prospects of the Northern the obstacles of the past are disappearing. Actual experience appears to
Sea Route cannot afford to disregard indicate otherwise. Total cargo figures, which showed a steady annual in-
today's economic situation in Russia. crease to about 6,600,000 tons in 1987 dropped back to 4,900,000 tons in

The crisis in Russia's economy has 1991 (Granberg, 1992). The fact that both traffic and tonnage along the
surpassed in severity the world's route have dramatically decreased since 1990 in the face of shortages tes-

Great Depression of the late 1920's tifies to the current problems with moving freight in that area of the
and early 1930's. The slump in produc-

tion. now in its third yeer, affects all world. Reports of protests and labor strikes, stemming from poor wages
sectors of the economy. The Gross and living conditions, are common. With producer privatization meas-

National Product for 1992 is pro- ures, the government is attempting to introduce profit incentives for its
jected to fall by 20-25%,. the volume citizens. However, eliminating the old way of doing business has se-

of investments ty half, and foreign verely disrupted the producers' industry-to-industry connections and
trade turnover y a thiM. Fnr the first their ability to bring goods to market. It will take time to re-establish
time in decades, Russia is confro.ec1 these networks (Arikaynen, 1991).

with unemployment..." In addition to the overall national problems, Arikaynen discusses
-Alexander Granber, State Adsor numerous problems between the administrative and operations entities

for the Office of President of the in carrying out the arctic maritime transportation plan. While MSC and
Russian Federation (1993b) FESCO perform all icebreaking tasks and move most of the cargo, they

do not appear to be working together to achieve an overall cargo trans-
port plan. Together, they effectively make up the complete operations
arm for the plan, and yet they have been forced to pursue their own
respective economic interests due to reduced subsidies from Moscow.

The most pressing and difficult problem to address may be the lack
of incentive to deliver freight in the most efficient and economical man-
ner. Inefficiencies plague virtually all aspects of the system. Labor discon-
tent is reported aboard icebreakers and cargo ships (Armstrong, 1990,
1991, 1992b). Several experts contacted for this study speculated that the
shipping companies have an endemic preference for dealing with large
bureaucratic entities, giving low priority to small business transactions
where the profit potential for each is less. This may be a cultural artifact
stemming from decades of state-mandated controls over the distribution
of goods and services.

The emphasis on science and research in Russia has diminished with
expanding social needs. As state funding for research decreased, it ap-
pears that AARI has entered the business of selling data, analysis, and
forecasting services. An undated publication by Proshutinskii, describing
the research and expertise residing at AARI, is in fact an advertisement of
technical services. The INTAARI Joint Enterprise, a collaboration of
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AARI, the Norwegian Polar Research Institute (NPRI), and Intera Infor-
mation Technologies of Canada and Great Britain, was set up to market
services such as sea ice reconnaissance, manufacture of marine and me-
tcorological instrumentation, expedition support, ecological services,
lease and sale of submersible vehicles, and lease of research vessels. A
representative of AES and Intera Canada, 10 however, stated that their
only involvement is to provide manpower and equipment for gathering
ice reconnaissance data for AARI on a contractual basis. NPRI discontin-
ued their involvement with INTAARI in 199311 following the appoint-
ment of Ivan Frolov as the new director of AARI. Frolov was reportedly
dissatisfied with the INTAARI arrangements for undisclosed redsons,
and NPRI withdrew so that the longstanding relationship between the
two institutes would not be compromised. We were unsuccessful in con-
tacting anyone from INTAARI who could supply the above-mentioned
services. Our requests to AARI for information and samples of technical
products were relayed to a private enterprise in St. Petersburg called
EcoShelf. We received a few examples of ice and weather forecasts and a
description of various AARI products for sale by EcoShelf (Appendix 1).
In light of the previous discussion, it is nt rlear whether these kind of
entrepreneurial arrangements are officially sanctioned by AARI. As we
received no direct response from AARI, we do not know whether their
products are officially available. A foreign ship owner may be more suc-
cessful in getting this type of information directly from MSC or FESCO
during negotiations.

Negative social and ecological effects from uncontrolled arctic devel-
opment have been identified as a potential risk. The arctic regions are a
delicate ecosystem that recovers very slowly after change is introduced.
Young and Osherenko (1991), Osherenko (1993), Hansson (1992, 1993),
Roginko (1991, 1993), Arikaynen (1991), and Stokke (1992), for example,
advocate international vigilance and strong cooperative agreement for
environmental protection. Indeed, one of the four main focuses of
IN ROP is to inventory the indigenous human, animal, and plant popu-
lations of the arctic to create a baseline for assessing the impacts of devel-
opment (Brekke and Field, 1991). Though several authors point out that
environmental protection has not been emphasized in the Soviet past (for
example, Hansson, 1993; Osherenko, 1993; Hume, 1984), there appears
today to be a shared international awareness and concern, which these
authors and others hope will translate into adequate safeguerds.

The fees for Russian services are not established, and it is difficult to
obtain quotes for fees. (These and related problems were mentioned in
the Analysis Phase section under Planning, Logistics, and Operations For-
eign shippers and ship owners view this as a drawback when consider-
ing use of the NSR. It is imperative that the Russians make available their
rates and commit to estimates based on hard currency so that cost-ben-
efit analyses can be relied on.

Another related problem is the difficulty in finding return cargo,
which can lead to slow turn-around for ships or costly return voyages
without cargo (Wergeland, 1992; Armstrong, 1993). This problem should
diminish with increased import-export activity along the route. Greater
international effort to promote awareness of the route, more demonstra-
tion voyages, and gradual elimination of the unknowns will help to ex-
pand the NSR cargo base.

10 Terry Mullane, 1993, Atmospheric Environment Service, personal communi-
cation.
11Torgny Vinie, 1993, Norwegian Polar Research histitute, personal communication.
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Intrasftrucural
The language barrier may be of some concern to potential users of

the NSR, but our experience in contacting various Russian agencies and
businesses for this project did not reveal any serious communication
problems, once we were able to establish contact. The ANSR, the ship-
ping companies, aid almost all other agencies we contacted had a staff
member who understood and spoke English.

"At the end of 1991 the Russian On the other hand, Russia's telecommunications equipment is out-
Federation had only 750 'outside' dated and often unreliable (Franzen, 1993). Telephone lines into Russia

lines (to make international cails), are overloaded and very often busy. The quality of the connection is
and trying to reach a colleague sometimes poor, which can be detrimental for facsimile transmission.

even inside the country can result There were no apparent difficulties in our receiving telefaxes, but we ex-
in hours spent dialing and re-dialing perienced much difficulty in trying to send fax messages to Russia.
to get a free line.... You can phone Franzen (1993) presents a recent evaluation of the communications sys-

oversears detinations fromn any tems servicing Russia and several alternatives to avoid the unreliable
ient hotel, etc. between 1200 telephone and telefax systems. Our own experience in making contacts

midnight to 6:00 a.m. Moscow for this study confirmed Franzen's appraisal (see Appendix H). Due to
time. However, you should be pre- these problems, many Russian businesses are setting up subsidiaries in

pared to dial 25 to 50 times before neighboring European and Scandinavian countries to take advantage of
getting a clear line. Should you wish modem and/or more reliable communications technology to the outside
to call during the daytime, you have world. We learned from more than one knowledgeable U.S. source that

to order the call with an operator. fax machines in Russia are often shut off after business hours, which is a
Depending on the destination a problem (though easily remedied) for potential clients half a world away.

wait of several hours to a day can Many Russian businesses limit incoming faxes to a single page to con-
be expected. Because of the poor serve paper. The unwary sender, in the habit of preceding his message

qluakity of the telephone lines, faxing with a cover page, would thus not be in communication. The ANSR, in
can be even more frustraving than fact, does not have a fax machine. Like many government agencies in

number of times to et a clear line, Russia, they rely primarily on a telex system for international communi-

otten it take- three or tour at- cations.
tempts to get a fax through." Electronic mail is in the early stages of development in Russia.

-Franzen (1993) Though AARI is connected to Internet, no other agencies or companies
we contacted were. Franzen (1993) reports that although E-mail allows
electronic communication via modem from a desktop computer to any
telex terminal worldwide, error correction software is required to help
ensure clear messages. An alternative communication link that we ex-
plored briefly is a system that the San Francisco-based Institute for Global
Communications has installed in Moscow called GlasNet. It is a non-
profit, nongovernment, computer network to locations in the former
USSR with electronic media, typically a personal computer and modem.
Message formats include electronic mail, conferencing, and fax service.
Fees are based on monthly connection charges and actual message units
used. Messages are sent to major cities in Russia as electronic mail and
then relayed to their final destination using fax, telegram, telex, or even
personal phone call or letter. The system is intended to facilitate rapid in-
formation exchange reliably and inexpensively. More information about
this service can be obtained through GlasNet USA. (See Points of Contact.)

Although the infrastructure is already in place to fully support NSR
traffic during the summer season, it has been suggested (Wergeland,
1991; Ostreng, 1991) that it will be difficult to attract greater foreign inter-
est unless the navigation season can be extended. The additional invest-
ment for building ice-class ships is considerable (15-20% more, according
to Wergeland, 1993). These ships are not ideal for use in other parts of the
world when the arctic passage is closed for the winter. They are less effi-
cient and more costly to run in open water than conventional vessels. 11o
offset their greater construction, operating, and maintenance costs, ship
owners rely on them providing year-round service. Since depth limita-
tions in some straits prevent passage of ships greater than 20,000 dwt
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(Granberg, 1992), the shallow-draft fleet of the Northern Sea Route may
not be desirable for use where larger ships can move cargo more effi-
ciently More northerly route options would enable larger and perhaps
more efficient ship passage but would also require greater icebreaking
capabilities than are currently available. As recently as 1988, there was
discussion that the Soviets were considering the construction of a new
.50,000-shp icebreaker, which was seen as a necessary step for expanding
NSR shipping through the winter (Ostreng, 1992). Although those plans
have been deemed premature in light of current cargo volume, costs, and
revenue possibilities, we are left wondering which has to occur first-
improvements in icebreaking capacity that will allow more economical
cargo transportation, or the development of markets for trade goods that
will spur technological advance.

It is most likely that advances on both fronts must occur simulta-
neously to effect real progress. Import and export industries depend
heavily on reliable, year-round transportation of goods. Few businesses
can afford the iidtation of a seasonal supply of raw materials or seasonal
distribution of their finished products. Attracting year-round trade will
encourage the establishment of alternative transportation modes for the
off-season, such as overland rail or air freight service. This will introduce
another source of competitive pressure on marine shipping that is per-
ceived to be negative.

According to Makinen (1993), average ship speeds along the North-
ern Sea Route need to be increased from 6-13 to 10-15 knots to make the
route more competitive with the alternative canal routes. Wergeland's
economic analysis presents data that show the NSR advantage in transit
time diminishes to only two days by assuming an average transit speed
of 12 knots vq. the 21-knot speed possible on the canal routes. When other
costs associated with the NSR are then considered (greater insurance risk,
higher maintenance and operating costs, smaller ship capacity), the NSR
advantage disappears. If ship speeds during the winter period on the
NSR can be increased substantially, then the NSR's economic advantage
can be maintained.

Use of the Northern Sea Route will also depend on wider availability
of emergency services. Personal safety demands greater access to rescue
and medical services, whereas equipment emergencies might include
ship repairs, refueling sites, and pollution abatement response. At the
present time, the MOHQs and icebreaker escorts must be relied upon for
these emergency services. Only the port of Igarka is open as a stop-over
for foreign ships. Others slated to be opened are Dudinka, Dikson, Tiksi,
and Pevek (Mikhailichenko, 1992). Another advantage to opening more
ports would be to stimulate spinoff support services that could bring ad-
ditional foreign revenue into the northern economy, from tourism and
lodging facilities, for example (Brigham, 1993a).

The ability to respond to an environmental disaster at sea in this
harsh and remote region is of concern to the northern populations of Rus-
sia as well as to the international community. The need for a coordination
center and establishment of standard emergency procedures is widely
acknowledged (for example, Sandkvist, 1993; Roginko, 1993). A funding
source to achieve these goals is needed but is not immediately apparent.
Until more experience is gained and more facilities become established,
transit shipping will continue to be perceived as riskier than the tradi-
tional canal routes.

Other improvements to navigation that have been mentioned for in-
corporation into the Russian infrastructure are

Better communication.,etween ships and the MOHQs
(Mikhailichenko and Us,,akov, 1993),
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* Better ice imaging tools (0streng, 1991),
* Modem hardware for positioning and communication, and
* Dredging of ports (Brigham, 1993a).

The hardware that allows for global communications from virtually
any arctic location is already in place, although better coordination in the
use of that hardware may be needed. The Russians do admit to Lowl-
edge gaps in the movement of sea ice. Arikaynen (1991) claims an 80%
accuracy rate for AARI ice forecasts. The technology to receive ice data
from satellite-based sensors that do not require clear sky or daylight
would enable the Russian experts to substantially improve their forecast-
ing and ship routing capabilities.

CONCLUSIONS

0 ur study of the current conditions surrounding international use of
the Northern Sea Route leads to the following conclusions.

The Northern Sea Route is a substantially shorte: passage for ship-
ping between niorthern European ports and those of the Far East and
Alaska than routes through the Suez and Panama canals. Comparisons
show a ?5% to 60% savings in distance.

The Russians have a highly developed maritime infrastructure along
the Northern Sea Route and specialized ice navigation experience that
spans many decades. Their arctic marine system has been used primarily
to develop Russia's northern regions, extract raw materials, and resupply
their coastal settlements. They have a fleet of the world's most powerful
icebreaking ships and specialized, ice-strengthened ships for moving
most types of cargo.

Overall responsibility for shipping activities on the route currently
resides with the Administration of the Northern Sea Route (ANSR) in
Moscow. Actual sea operations are directly controlled by two marine
operations headquarters: the Murmansk Shipping Company (MSC) op-
erates the icebreakers and controls shipping through the western half of
the route, while the Far Eastern Shipping Company (FESCO) controls the
eastern half of the NSR.

The western portion of the route, from Murmansk to Dudinka, has
been open year-round since 1980. The remainder is normally kept open
for both transit and local freighting from the beginning of July through
October. For the Northern Sea Route to be more attractive as an interna-
tional trade route, the length of the shipping season will have to be ex-
tended, if it is not actually kept open year-round. Average transit speeds
need to be increased as well. While the former requirement can be imme-
diately addressed, at least partally, by enlisting the underutilized
icebreaking and transport capacity of the Russian fleet, the latter will
likely require better ice forecasting tools and advances in ship technology

Since 1987, when the Soviet Union's new spirit of openness and
international cooperation was announced, much has been made of the
possible use of the Northern Sea Route as a major marine trade corridor.
Several international organizations and regional government bodies
have endorsed the idea, formulated agenda, and begun promotional ac-
tivities. There is currently much international interest and momentum
toward expanded development.

The USSR's dissolution into the Commonwealth of Independent
States has been accompanied by social and economic hardship. Short-
ages, inflation, and unemployment have extended even to the arctic fleet.
The Russians have proposed the following ways of using their fleet to
raise much-needed foreign capital:
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" Escort foretga ships along the route by Russian icebreakers,
" Transport foreign goods aboard Russian ice-strengthened

cargo ships,
* Emph)y of idle Russian icebreakers and cargo vessels in the

U.S. and Canadian Arctic, and
* Promote arctic tourism.

Social instability may be the greatest impediment to the develop-
ment of the Northern Sea Route Labor discontent, currency devaluation,
cutbacks in personnel and services, and the inability to maintain the fleet
and navigation equipment are all problems that directly affect future
development. They result in a climate of uncertainty for potential users of
the route, which, accordingly, diminishes foreign interest. The Mur-
mansk Shipping Company and the Far Eastern Shipping Company must
be willing to offer some degree of rate guarantee so that the Northern Sea
Route maintains an economic advantage over other route options. Com-
munication between foreign parties, the NSR Administration, and the
shipping companies is made difficult by outdated equipment. Finally, the
NSR Administration and the shipping companies need to be more reli-
able and responsive to inquiries from potential foreign clients.

The technological advances required to enable year-round traffic
along the Northern Sea Route will occur more rapidly if the international
community recognizes a demand for them. This would help to promote
the growth of the Russian economy and encourage a cooperative and
constructive posture for that nation, both domestically and internation-
ally.

Privately, there is measured skepticism as to whether the Russians
can sufficiently reorganize their operations and develop enough LC. tinu-
ity that foreign shippers will have faith in the system. There is hope, how-
ever, thai in,reased foreign use of the Northern Sea Route will bring
about greater stability, which will, in turn, encourage even greater inter-
national usage.

In spite of the challenges, or perhaps because of them, the Northern
Sea Route, which has been a magnet for explorers and adventurers in
centuries past, may be a passage to economic enhancement and closer
political unity for all the world's northern nations.

POINTS OF CONTACT

United States
Alaska SAR Facility
Geophysical Institute
University of Alaska
Fairbanks, AK 99775
Tel: (907) 474-7848
Fax: (907) 474-5195
E-mail: cwales @iias.images.alaska.edu
Carl Wales, Director

GlasNet USA
437 Mundel Way
Los Altos, CA 94022
Tel: (415) 948-5753
Fax: (415) 948-1474
E-mail: dcaulkins@igc.apc.org
David Caulkins
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National Ocean Service National Ocean Service
Distribution Branch (N/CG33) Chart Sales &
6501 Lafayette Avenue Control Data Office
Riverdale, MD 20737-1199 701 C Street, PO. Box 38
Tel: (301) 436-6990 Ancho-age, AK 99513

Tel: (907) 271-5040

USN/NOAA Joint Ice Center
Naval Polar Oceanography Center
4301 Suitland Rd, FB#4, Room 2301
Washington, DC 20395-5180
Tel: (301) 763-5972
Fax: (301) 763-4621
Omniet: NAVYNOAA.JIC
David Benner, Technical Director tor Ice

Naval Pacific METOC Center Naval Atlantic METOC Center
NAVPACMETOCCEN NAVLANTMETOCCEN
Box 113 Mcadie Building Ul17
Pearl Harbor, HI 96860-5050 Norfolk, VA 23511-5399
Tel: (808) 471-0349 Tel: (8() 144-4967

The Northern Forum
4101 University Drive
Alaska-Pacific University
Carr Gottstein Academic Center
Anchorage, AK 99508
Tel: (907) 561-3280
Fax: (907) 561-6645
Steven Shrophire, Executive Director

U.S. Army Cold Regions Research and Engineering Laborator,
72 Lyme Road, Hanover, NTH 03755-1290
Tel: (603) 646-4100
Fax: (603) 646-4644
Tlx: 7402910 CREL UC
Nathan Mulherin, Research Physical Scientist, Snow and
Ice Branch

World Data Center A for Glaciology
National Snow and Ice Data Center
CIRES, Box 449, University of Colorado
Boulder, CO 80309
Tel: (303) 492-2366 or 492-5171
Fax: (303) 492-2468
Tlx: 7401426 WDCA UC
E-mail: nsidc@kvros.colorado.edu
Roger Barry, Ditector

Russia
Administration for the Northern Sea Route
Department of Merchant Marine, Ministry of Transport
1/4 Rozhdesvenka
Moscow 103759 Rus'ia
Tel: 7 095-926-16-96
Tlx: 411 197 MMF SU
Vladimir Mikhailichenko, Director
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Arctic and Antarctic Research Institute (AARI)

38 Bering St.
St. Petersburg 199226 Russia

Tel: 7 812-352-15-20
Fax: 7 812-352-37-57 or -26-88
Tlx: 121 423 NILAS SU
E-mail: aaricoop@sovamsu.sovusa.com
Dr. Ivan Frolov, Director

HydroCon, Ltd.
P.O. Box 406
St. Petersburg 196240 Russia
Tel: 7 812-290-82-06
Fax: 7 812-i23-21-74
Mark G. Maliavko, Lirector

Russian State Navigation and Oceanography Department

Ministry of Defense
8, 11 liniya V.O., B-34
St. Petersburg 199034 Russia
Tlx: 121 531 NAVIO SU

Russian State Hydrographic Department
Ministry of Transport
Moskovakly pr. 12
St. Petersburg 190031 Russia
Tel: 7 812-310-37-68 or -39-70
Fax: 7 812-310-37-68
Tlx: 121 345 PTB SU
S. Reshetnyak, Technical Director

Murmansk Shipping Company
15 Komintema St.
Murmansk 183636 Russia
Tel: 7 815-554-78-00 or 47-85-10491
Fax: 47-85-10442 or 47-85-10495
Tlx: 411 197 MRF SU or 126 113 MRF SU

Nikolay Matjushenko, President and CEO

Far Eastern Shipping Company
15 Aleutskaya St,
Vladivostok, Russia
Tel (day)/Fax (night): 7 423-222-13-52
TIx: 213 116 MRF SU
G.I. Pikus, Acting President

Ecoshelf
PO. Box 880
St. Petersburg 199048 Russia
Tel: 7 812-277-92-20
Fax: 7 812-274-80-00
E-mail: doron@ecoshelf.spb.su
Nikolay Doronin
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Other Foreign
The Barents Council
WG-NSR (Working Group on the NSR)
Royal Ministry of Foreign Affairs
7 Juni Plassen/Victoria Terrasse
PO. Box 8114 Dep.
N-0032 Oslo, Norway
Odd Ginar Skagestad, Chairman

The . .. - a Northern Sea Route Project (INSROP)
Fridtjof Nansen Institute
P.O. Box 326
N-1324 Lysaker, Norway
Tel: 47675 38912
Fax: 47 671 25047
E-mail: iliseter@extem.uio.no or ilisetei~ulrik.uio.no
Tlx: 79965 NANSE N
Willy Ostreng, Head of INSROP Secretariat

HydroCon, Ltd.
c/o VisSim a.s.
Gamleveien 32, P.O. Box 1029
N-3189 Horten, Norway
Tel/Fax: 47 33 48807
Tlx: 72400 FOTEX N (attn: VisSim Horten)
Finn Fjellheim

Nansen Environmental and Remote Sensing Center (NERSC)
Edvard Griegsvei 3A
N-5037 Solheimsvik, Norway
Tel: 47 52 97288
Fax: 47 52 00050
O.M. Johannessen, Director

Norwegian Space Center
P.O. Box 85, Smestad
N-0309 Oslo, Norway
Georg Rosenberg, Director of Industry and Applications
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BIBLIOGRAPHIES

INTRODUC1ION

T he following nonannotated, selective bibliographies were compiled

using commercially available databases and indiidtvol cont rts
with Northern Sea Route and icebreaker technology experts. We
searched several multidisciplinary on-line databases, including news-
papers, foreign collections, and scientific and economic files, and pri-
mary citations were retrieved from the Bibliography of Cold Regions Sci-
ence and Technology the Scott Polar Research Institute Bibliography,
Oceanic Abstracts, and the Anchorage Daily News. Additional citations
from the relevant literature were selected by Nathan Mulherin, Dr.
Devinder Sodhi, and Elisabeth Smallidge, who Lompiled the bibliogra-
phies.

The Northern Sea Route bibliographies are divided into categories
that reflect the informational areas identified by the scope of the Cold
Regions Technical Information Analysis Center (CRSTIAC) Northern
Sea Route study The Alaskan Waters bibliography contains citations re-
lated to ice conditions, meteorology, hydrography, and ice climatology
on the Bering, Chukchi, ud Beaufort seas. The Russian/Arctic Waters
bibliography comprises citations on sea ice climatology, sea ice observa-
tions, ice conditions, and meteorological, hydrographic, and oceano-
graphic conditions on the East Siberian, Laptev Kara, Barents, and White
seas. These bibliographies bring to the reader's attention the most recent
knowledge available on the Northern Sea Route and icebreaking tech-
nology. They are also intended to facilitate technology transfer and help
prevent duplication in research and development work.

Of the more than 3500 citations that were reviewed for this study,
1098 were selected for these bibliographies. Citations that were not of di-
rect interest to the CRSTIAC study of the Northern Sea Route were elimi-
nated. The citations selected cover a 70-year span, from 1923 to 1993; cita-
tions prior to 1923 can be located in the Scott Polar Bibliography. More
than 80% of those selected were published since 1981. This reflects not
only an increase in citations relevant to the study, but the authors' selec-
tion of recent citations due to their greater relevance.

DATABASES SEARCHEC

T he Bibliography of Cold Regions Science and Technology (COLD) is pro-
duced annually by the Library of Congress for the U.S. Army Cold

Regions Research and Engineering Laboratory. Vital to the CRSTIAC
mission, the COLD database provides comprehensive coverage of lite-
rature relating to geographical areas that are temporarily or permanently
affected by freezing temperatures, including the Arctic and the Antarctic.
It covers publications in the fields of civil, mechanical, and environmen-
tal engineering and most of the earth, ocean, and atmospheric sciences,
and includes the major subject areas of snow, ice, frozen ground, naviga-
tion in ice, civil engineering in cold regions, behavior and operation of
materials and equipment in cold temperatures. Source materials include
monographs, journal articles, conference papers, theses, patents, maps,
and technical reports derived from private, academic, and government
sources dating from 1951 to the present. This bibliography is interna-
tional in scope-more than half of the 150,000 citations are of foreign ori-
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gin-and covers the world's literature on these subjects. It is available as
the Arctic & Antarctic Regions CD-ROM from National Information Ser-
vices Corporation, Suite 6, Wyman Tower, 3100 St. Paul Street, Balti-

more, Maryland 21218, (410) 243-0797, and on-line from Orbit Online
Products, Inc., 8000 Westpark Drive, McLean, Virginia 22102, (800) 456-
7248. More than half of the citations in the following bibliographies are
from the COLD database.

SPRI is an international multidisciplinary subject bibliography com-
piled by the Scott Polar Research Institute, University of Cambridge, in
Cambridge, England. The SPRI database reflects current international
polar and glaciological research, with specific strengths in anthropology,
atmospheric chemistry and physics, climate change, cold regions engi-
neering, exploration, geology, natural resources, oceanography, snow
and ice issues, and zoology. Source materials include over 900 serials,
monographs, and theses from 1750 to the present. SPRI is included on
the Arctic & Antarctic Regions CD-ROM,

Oceanic Abstracts is produced by Cambridge Scientific Abstracts
(CSA) in Cambridge. It organizes and indexes worldwide technical lit-
erature on all aspects of the oceans and offers researchers access to thou-
sands of marine-related articles, books, reports, and papers published
each year. In printed form it is issued as tne bimonthly Oceanic Abstracts,
available from CSA. The database, copyrighted by CSA, dates from 1964
and is available on-line as File 28 from Dialog Information Services, Inc.,
3460 Hilview Avenue, Palo Alto, California 94304, (800) 334-2564.

The Anchorage Daily News is Alaska's largest daily newspaper; it
provides local, national, and international news coverage. In addition to
coverage of politics, government, business, economics, arts, and sports
in Alaska and the lower 48, the Daily Nenus reports on issues unique to
Alaska. Special areas of interest include Pacific-rim trade, oil and gas,
natural resources, northern defense, native sovereignty, frontier lifestyle,
tourism, arctic and polar region studies, and the environment. It is avail-
able on-line as File 737 from Dialog Information Services, Inc.

PRIMARY SOURCES

T he number of relevant Northern Sea Route and icebreaker tech-
nology citations selected for these bibliographies has steadily in-

creased in the past decade: 22 citations were selected from 1980, 67 from
1990, and 89 from 1993. This increase is tied to an increase in conferences
that relate to the Northern Sea Route and icebreaking technology as well
as the increased accessibility of international electronic information.
Even a casual review of the bibliographies reveals that some of these pri-
mary sources have provided a large proportion of the citations.

Many of the citations in the bibliographies are from conference pro-
ceedings. Some of the most notable of these are described below:

The International Association of Hydraulic Research, Washing-
ton, D.C. sponsors an International Symposium on Ice every
other year. These conferences provide a forum for international
scientists and engineers to discuss ice problems in general and
ice problems with hydraulic structures in particular. The
bibliographies contain citations from the 7th (1984), 8th (1986),
9th (1988), and 10th (1990) conlernces.

*The International Conferences on Port and Ocean Engineering
under Arctic Conditions (FOAC) am dedicated to various
practical aspects of coastal engineering under polar and subpo-
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/ - lar conditions. Each conference is sponsored by the host
country's various scientific and technical organizations and
universities. The bibliographies contain citations from the 3rd
(1976), 5th (1979), 6th (1981), 7th (1983), 8th (19K5), 9th (1988),
llth (1991), and 12th (1993) conferences.
The Northern Sea Route Expert Meeting was held in OcXtober of
1992 in Tromso, Norway, and the proceedings were published
jointly by the Finnish and Norwegian Foreign Ministries in col-
laboration with the Fridtjof Nansen Institute in Norway. The ci-
tations cover a range of topics, including economics, the envi-
ronment, and international cooperation on the Northern Sea
Route.

Two long-term studies provided a rich source of relevant inforna-
tion about arctic ice and waters:

" MIZEX was an international program for mesoscale air-ice-
ocean interaction experiments in arctic marginal ice zones. In
this connection, a series of reports were published by the U.S.
Army Cold Regions Research and Engineering Laboratory.
They were unrefereed and provided a permanent medium
for the interchange of initial results, data summaries, and
theoretical ideas relevant to experiments in the arctic mar-
ginal ice zones.

" The AIDJEX Bulletin (Arctic Ice Dynamics Joint Experiment)
was contracted by the National Science Foundation and pub-
lished by the Division of Marine Resources at the University of
Washington in Seattle. This now-ceased publication included
ice motion data collected from 1970 to 1978 by automatic data
acquisition and transmission systems and accurate po.-itioning
systems.

A special 1992 issue of the serial International Challenges was devoted
to the Northern Sea Route. It is published quarterly by the Fridtjof
Nansen Institute, Lysaker, Norway. Issues cover ocean management, the
law of the sea, deep seabed mining, polar regions, international oil and
gas policy, and international environmental matters.

Polar Record is the journal of the Scott Polar Research Institute and is
published by Cambridge University Press. It is a quarterly journal that
contains articles, notes, and reviews on the polar and subpolar regions in
archaeology, biogeography, glaciology, international law, and oceanog-
raphy

Several Russian-language journals are included in the NSR and
Russian/Arctic Waters bibliographies. Among the most important of
these periodicals are:

Morskoi Flot (Journal of the USSR Merchant Marine) and its En-

glish translation, Soviet Shipping Jounal, are published in Mos-
cow by the Ministry of the Merchant Marine. Morskoi Flot was
founded by the Association of Ship Ownei 3 and the Association
of Merchant Marine Ports. Published since 1986, Morskoi Flot

contains articles on naval art and science, the merchant marine,
marine engineering, and naval history.

* Problemy Arktiki i Antarktiki (Problems in the Arctic and Ant-

arctic) is published by the Arctic and Antarctic Scientific Re-
search Institute (AARI) in Leningrad, now St. Petersburg, Rus-
sia. The institute, founded in 1921, concentrates on hydrological
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studies with emphasis on ice conditions in the arctic and north-
ern rivers of the former Soviet Union, long-range weather fore-
casting, and the study of the interaction of ice and ships. It re-
ceives information from the Institute's various stations, two re-
search vessels, manned and automatic drift stations, and artifi-
cial satellites.

0 Letopis' Severa (Annals of the North) is published in Moscow by
the Commission on Problems of the North, Russian Academy
of Sciences. It is a yearbook of arctic region studies, first pub-
lished in 1949.

& Sudostroenie (Shipbuilding) is a monthly publication that was
first published in 1898. It is produced by the Main Office of
Shipbuilding of the Russian Federation Committee of Defense
Industries and the Union of Scientific and Technical Societies of
Shipbuilders. This publication deals with shipbuilding naval
architecture, marine engineering, and the history of shipbuild-
ing. The English translation, Soviet Shipbuilding, is published in
Suitland, Maryland, by the Naval Intelligence Support Center,
Translation Division.

The book The Soviet Maritime Arctic, edited by Lawson W. Brigham,
Capt., USCG, was of primary interest to the authors of this TIAC report.
Published by the Naval Institute Press in Annapolis, Maryland, in 1991,
it is the first book in a new Polar Research Series published in association
with the Scott Polar Research Institute at the University of Cambridge.
The chapters were written by a unique group of experts, historians, ge-
ographers, polar scientists, legal specialists, and environmentalists from
North America, Europe, and the former Soviet Union. Capt. Brigham
edited The Soviet Maritime Arctic while he was a Research Fellow at the
Marine Policy Center of the Woods Hole Oceanographic Institution in
1989-1990. He graduated from the U.S. Coast Guard Academy in 1970,
and assumed command of the USCGC Polar Sea, one of the nation's two
polar icebreakers, in July 1993. Since that time Polar Sea has deployed to
the Arctic, for the Northeast Water Polynya Project, and the Antarctic, for
Deep Freeze 1994. Capt. Brigham has published widely on Russia's
Northern Sea Route, polar ship technology, polar navigation, and polar
oceanography, and through personal contact, the authors of this report
have obtained additional relevant literature.

Terence Armstrong has been a major contributor to Northern Sea
Route literature. Beginning in 1952, he wrote annual reports on the de-
velopment of sea transport along the Siberian coast; most were pub-
lished as notes in Polar Record. He has traveled widely in the Soviet Arc-
tic, northern Scandinavia, Greenland, and North America for com-
parative studies of economic, educational, and social developments, and
he was responsible for building the Scott Polar Research Institute's li-
brary collection on the Soviet Arctic. Mr. Armstrong is now retired after
36 yeas as Research Fellow, Assistant Director of Research, Reader in
Arctic Studies, and Acting Director of the Scott Polar Research Institute.

Elisabeth Smallidge
Librarian

USA Cold Regions Research and Engineering Laboratory
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APPENDIX A
ICEBREAKING SHIPS OF THE WORLD (after Dick and Laframboise, 1989)

Icebrealdng Ships: Argentina, Australca, and Canmda

Almirante Aurora 5.R. Humphrey John Norman MNLeoe

Ship & Irazar Australis Gilber Calot Rogers

country Argentina Austraha Canada Canada Canada

Vessel type lcebreaker lcebreaker lceb'reaker lcetreaking icebreaker

supply ship cabIe layer

Year construction 1E 75 1989 1980 1985 1969

comp!' .ej
Dimensions

L1P (m) N 68.4 68.9 &4.1 81.2
6(m) 25.C 20.3 14.7 1.3 19.1

rQ (m) ND ND 6.4 10.4 7.9
H (m) 9.5 7.85 5.0 5 7 6.3
Displacement (tonnes) 14.900 3,500 3,04a 5,31a 6,569

Form variables
Stem angle (eg) 22 ND 25 ND 62-26
5ow type Straight ND ND ND NO

Propulsion
Total power (MW) 11.9 10.0 3.2 6.7 9.7
5ollarn pull (tonnes) 138 ND 40 81 112
No. shafta 2 ND 3 2
Power/shaft (MW) 6.0 ND 1.8 3.4 4.9
Machinery Diesel ND Diesel Diesel Diesel

ac--dc Direct i rive dc-dc dc-dc

Propeller(s) 2 x FP ND 2xFP 2 x FP 2xFP

Diameter (m) ND ND 3.51 3.96 3.66
No. :laes ND No 4 4

Nozzle(s) No ND No No No
Performance

Open water (kn) 16.5 13 13.0 15.0 15.0
In ice ND ND 2 kn in 0.87 m 2 kn in 0.75 m 2 kn in 0.91 m
1P/IL (tonnesim) ND NO 2.7 4.4 5.9
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Icebmaking Ships: Canada

Louis S. Louis 5. Sir John Franklin

St.-Laurent St.-Laurent Arctic Arctic Pierre Radisson Canmar

Ship & (1969-88) (1993-) (1978-86) (198-) Des Grosel er Kigoriak
country Canada Canada Canada Canada Canada Canada

Vessel type Icebreaker Icebreaker Cargo Cargo Icebreakers Ice mgmt

supply vessel
Year(s) construction 1969 1969 1978 1978 1978-84 1978

completed
Dimensions

L5P (m) 101.8 101.8 196.6 206.0 87.9 79.3
5 (m) 24.4 24.4 22.9 22.9 19.4 17.3/19.3
P (m) 13.1 13.1 15.2 15.2 NV 10.0
H (m) 9.4 9.4 10.9 10.9 6.9 8.5
Displacement (tonnes) 13,513 13,300 38,104 38,466 7,825 8.549

Form variables
Stem angle (deg) 32 ND 30 20 18 2A

Sow type ND ND White Melville White Spoon/rearmers
Propulsion

Total power (MW) 17.7 17.9 10.9 10.9 10.0 12.2
Bollard pull (tonnes) 202 ND 155" 155 115 162
No.shafts 3 3 1 2 1
Power/shaft (MW) 5.9 5.9 10.9 11.08 5.0 12.2
Machinery Steam turbine Diesel Diesel Diesel Diesel Diesel

dc-dc ac-dc Direct drive Direct drive ac-dc Direct drive
Propeller(s) 3x FP 3x FP 1 xCP 1 xCF 2xFF 1xGCP

Diameter (m) 4.57 5.23 5.23 4.12 5.3
No. blAdes 4 4 4 4 4

Nozzle(s) No Yes Yes No Yes
Performance

Open water (kn) 17.8 17.75 16.5 17.3 13.5 18.8
In ice 1.0 2 kn in 1.0 m 2 kn in 1.5 m 2 kri in 1.15m 2 kn in 1.45 m
3P/5 (tonnes/m) 8.3 6.8 6,5 5,9 9.4/8.4

Calculated or measured value.
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Icebfraidng Ships: Canada

Iolert Arctic Nanook Terry Fox Ikaluk Arctic Shiko

Ship & LeMeur Arctic Nutsukpok Kalvik Miscardo ,eaforth Atlantic

country Canada Canada Canada Canada Canada

Vessel type Ice mgmt Ice mgmt, Ice mgmt Ice mgmt Ice mgmt

supply vessel supply vessels supply vessels supply vessels supply vessels

Year construction 1982 1982 1983 1983 1934

completed
Dimensions

LOP (m) 73.0 44.2 75.0 75.5 60.9

5 (m) 18/19 12.2 17.5 17.2 14.5

D (m) 7.5 5.3 10.0 9.7 6.9
H (m) 5.7 4.1 8.0 7.5 5.9

Displacement (tonnes) 5,853 NO 6,910 NO ND

Form variables

Stem angle (deg) 20 22 23 23 32

Bow type Spoon/reamers Flat family ND ND White

Propulsion

Total power (MW) 7.1 4.b 17.7 11.2 9.01

bollard pull (tonnes) 107 72- 190 165 129'

No. shafts 2 2 2 2 2

Power/shaft (MW) 3.6 2.4 8.9 5.6 4.5

Machinery Diesel Diesel Diesel Diesel Diesel

Direct drive Direct drive Direct drive Direct drive Direct drive

Propeller(s) 2 x CP 2 x CP 2 x CP 2 x CP 2 x CP

Diameter (m) 3.0 NV 4.8 3.75 3.0

No. blades 4 4 4 4 4

Nozzle(s) Yes Yes No Yes Yes
Performance

Open water (kn) 13.5 15.0 14.0 NO 16.0

In ice 2 kn in 1.5 m NV 7 kn in 1.22 m(82%) 3-4 kn in 1.2 m 2 kn in 1.05 m

5P/1 (tonneslm) 5.9/5.6 5.9 10.8 9.6 8.9

Calculated or measured values.
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Icebrialdng Shipr. Canad

1100e
Arctic Arctic Geo. K. Perkeo Edward Cornwallis Earl Grey

Ship & Nanabush Ivik Martha L. lSlack Sir Willfre Laurier Samual Kirley

country Canad Canada Canada Canada Canada

Veas.el type Ice nmgmt Ice mgmt Light Light Light

supply vese"l supply vessel Icebreakers icebrmakea Icebrealers
Year(s) construction 1984 1986 1986 1986 1985-86

comnpleted
Dimensions

L5! (m) 44.2 64.7 83.0 78.4 197
5 (m) 12.2 14.0 16.2 16.2 13.7

D (m) 5.3 5.8 7.9 7.8 6.7
H (m) 4.6 4.9 5.8 6.0 5.2
Displacement (torines) ND ND 5.031 4.966 2930

Form variables

Stem angle (deg) 22 22 25 25 25
bow type Flat family Flat family ND ND ND

Propulsion
Total power (MW) 5.3 5,3 5.3 5.3 6.5
Bollard pull (tonnes) 80* 81 65 65 76
No. shafts 2 2 2 2 2
Power/shaft (MW) 2.7 2.7 2.6 2.6 3.3
Machinery Diesel Diesel Diesel Diesel Diesel

Direct drive Direct drive ac-fcc-ac ac-fcc-ac Direct drive
Propeller(e) 2xCP 2 x CP 2xFP 2xFP 2 x FP

Diameter (m) NO ND 3.6 3.6 4.0
No. blades 4 4 4 4 3
Nozzle(s) Yes Yes No No No

Performance
Open water (kn) 15,0 14.1 15.5 15.5 14.3
In ice 2 knn 0.9 m 2 kn in 0.9 m ND ND ND

PI5 (tonnee/m) 6.6 5.8 40 4.0 5.7

Calculated or measured valuer
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Icebreaking Ships: Denrnark and Japan

DanbJarn Damoa

Ship & Dsbjarn Van Fuji Soya Shirase
countty Denmark Denmark Japan Japan Japan

Vesel type Icebreakerm Cargo Icebreaker Icebreaking Icebreaker
patrol vesel

Year construction 1965 1973 1965 1978 19&2
completed

Dimensions
LBP (m) 68 125 90 94 127
a(m) 17.0 18.1 22.0 15.6 28.0

V (i) 9.0 11.3 11.8 8.0 14.5
H (in) 6.0 7.4 9.0 5.5 9.8

Dieplacement (tonnes) 3,744 12.091 9,120 4.000 18,600
Form varlables

Stem angle (eleg) NO ND 30 NO 21
30w type ND ND NV ND NV

Propulsion
Total power (MW) 7.7 6.8 8.8 11.5 22.1
bollarm pull (toinest) 96 78.1 103 132 243
No. shafte 2A + 2F 1 2 NO 3

Power/shaft (MW) 1.9 6.8 4.4 NV 7.3
Machiney Viesel Diesel Viesel ND Diesel

Vc-dc Direct drive dc-c - ac-dc

Propeller(s) 4xFF 1 x CP 2 x FF NV 3xFP

Diameter (m) NV ND 4.9 NV 4.9
No. blades ND NV 4 NV 4

Nozzle(e) No No No NV No
Performance

Open water (kn) 14.0 17.5 17.0 NV 19.0
In ice 2 kn in 1.0 m 2 kn in 0.67 m 2 kn in 0.8 m 2 kn in 1.2 m 3 kn in 1.5 m

13P/1 (tonnes/m) 5.7 4.2 4.7 8.5 8.7
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Iceb king Shot Rnlmar

Karhiu Tarmo

Murtaja Varmo

Ship & Voima Sempo Apu Hanse Finlandia Finn Carrier

country Finland Finland Finland Finland Finland Finland

Vessel type Icebreaker cebfreakers Icebreakers Icelreaker Passenger Cargo
Ro-po

Year(e) construction 1953 (1978) 1957158/60 1963/68/76 1966 1967 NJ

mpleted

sions

-5P (m) 80.8 68.3 82.0 74.0 134.0 129.9

S (-) 18.7 16.7 21.2 17.4 20 24.6

D (m) 9.6 8,8 9.6 ND NO 17.3

H (m) 6.7 5.8 6.2 6.1 5.6 5.7
Displacement (tonnes) 4,488 3,424 5,944 3.759 6.706 10.567

Form variables
Stem angle (deg) 27 25 24 25 NO ND

Bow type NO ND NO NO NO No

Propulsion
Total power (MW) 7.7 5.5 8.8 5.8 12.1 8,2

ollard pull (tonnes) 96 70 108 71 137 97

No. shafts 2A + 2F 2A + 2F 2A + 2F 2A + 2F 2 2

Power/shaft (MW) 1.9 1.4 2.2 1.4 6.1 4.1

Machinery Oiesel Desef Oie( Oiesel Dieeel Oiesel

dc-dc .c-dc dc-dc dc-dc Direct drive Direct dlve

Propeller(s) 4 x FP 4 x Ff 4 x FP 4xFP 2xCP 2xFP

Diameter (m) NO NO NO NO NO NO

No. blades 4 4 4 4 4 4
Nozzle(s) No No No No No No

Performance

Open water (kn) 16.5 16.0 17.0 16.0 23.0 17,0
In ice 2 kn in 082 m 2 kn in 0.7 m 2 kn in 0.85 m 2 kr in 0.72 m 2 kn in 1.0 m NO

5P/5 (tonnes/m) 5.1 4.2 5.1 4.1 6.9 3.9

Calculated or measured values.
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Icebradng Shipw Finkind and Sweden

Urho Tia OwFnc Tor
Ship 5 isu Ulkku (class of 2) Norsc Njordl Ale
country Finland Finland Finland Finland 54Weden SWeden

Vessel type lce~'reakere Oil tankers Icebreakers Multipurpose lcek'rekers loebreaker
Icekireakere

iiar(s,) construction 1974-197? 1976/77 196 1993/94 1964i69 1973
completed

Dimensions
L3P (m) 96 150 90 116o ND 47

5 (m) 23.5 21.5 23.5 26 21.2 13
V (in) ND 12.0 IND 12.5 9.5 ND
H (in) 8.3 9.5 8.0 7.0/8.4 6.5 5.2
Displacement (tonnes) 7.925 ND ND 4.800 5,357 1 .500

Form variab'les
Stem angle (dIeg) 20 NO ND ND ND
E5oW type Straig3ht NO Straight Spoon/rea mer N D ND

Priopulsioni
Total power (MW) 16.2 11.5 15.0 15.0 8.8 ND
15ollard pull (tornes) 190 116 165 234 108 ND
No. shafts 2A +2F 1 2 2 2A +2F ND
Power/shaft (MW) 4.1 11.5 7.5 2.2 ND
Machinery Diesel Diesel Diesel Diesel Diesel ND

6:c-6dc Direct drive ac-ffc-ac ac-ffc-ac 61c--dc ND
Propeller(s) 4x FP 1 xCP 2x FP 2' 4x FP 2xCF'

Diameter (m) NO 5.45 -- No NO
No.L'Wades 4 4 -- 4 NO
Nozzle(s) No No No Yes Yee ND

Performance
Open water (kn) 17.0 14.5 18.5 16o.0 18.0 ND
nice 2 kninl1.56 m 2 kninl1.0nm ND 8 knin 0.&m 2 knin 0.85 m ND
3P/E5 (tonnesl/m) 8.1 5.4 7.0 ND 5.1 NO

*Azimuth-mounted propellers
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Icebreaklng Ships: Sweden, U.K., and U.S.A.

Ymer

Atle
Ship & FreJ Oden Sransfield Polar Shore Endurance Mackinaw

country Sweden Sweden U.K. U.K. U.K. U.S.A.

Vessel type Icebreakers Icebreaker Icebreaker Icebreaking Icebreaker Icebreaker

supply vessel
Year(e) construction 1974-77 1988 1971 1973 1974 1945

completed

Dimensions

LP (m) 96 108 90 51 82.5 85.4

5 (m) 23.8 31.5 18.3 11.8 17.9 22.6

D (m) 12.1 ND 9.5 5.1 ND NO

H (m) 7.3 7.0/8.5 6.2 4.3 6.5 5.8
Displacement (tonnes) 8,000 13,000 7,011 ND 2,500 5,252

Form variables

Stem angle (deg) 20 ND ND ND ND 29

bow type Straight stem ND ND NO ND ND

Propulsion

Total power (MW) 16.2 18 3.7 3.9 6.0 7.5

5ollard pull (tonnes) 191 240 44 48 ND 94

No. shafts 2A + 2F 2 1 2 ND 2A + 1F

Power/shaft (MW) 4.1 9 3.7 2.0 ND 1.9

Machinery Diesel Diesel Diesel Diesel Diesel Diesel

dc-dc Direct drive dc-dc Direct drive electric dc-dc

flywheel
Propeller(s) 4x FP 2xCP 1 x CP 2xCP ND 3 x FP

Diameter (m) ND ND ND ND ND ND

No. blades 4 ND ND ND ND ND

Nozzle(s) No ND No Yes ND No

Performance

Open water (kn) 17.0 17.0 13.5 13.8 15 18.7
Inice 2knninlm 3 kn inl.8m 2 kn in 0.52 m 2 kn in 0.76 m ND 2 kn in 082m

SP/ (tonnes/m) 8.1 ND 2.4 4.1 ND 4.2
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IcbelngS~:U.S.A. and U.S.S.R.Zptn~Iu0

Poar5tr atai Akademik Klap. Veroniri
5hp&Plr5aDyFedorov K1ap. Melekhov Lenin

country LI.A .5 .5.5.. U.6... U.5.5.R.

Vessel type l~lrae lerae egearch & lcebreakers Icetbrcaker

sUpply VCC76Cl
Year(cs) construction 1973/76 1978 1987 1-954/55/55 1957

completed
Dimerigion5

L13P (mn) 107.3 NO 13.9 80.8 128.0
5 (mn) 25.5 11.4 2?3.5 19.4 27.6
0 (mn) 15.0 NO N 9.5 1.1
H (mn) 8.5 3.7 5-5 7.0 10.5
Displacecint (tone) 13,190 880 10,000 5,350 19,240

Form variable
Stem angle deg) 15/28 28 NP 21 ND)
50w tyr>. White White NP NP NP

'ropulsion
Total power (MWr) 44 A 1.9 13.9 7.7 32.4
13ollardi pull (tonnles) 454 24 NP 98 303*
No. ohafte 3 1 1 2A +2F 3
F'ower/shaft (MW) 14.9 1.9 13.9 1.9 10.8
Machinery GT direct drive Piei piesel Picsel 3 x nuclear reactor-,

or Jc-dc electric dc-dc 3 x steam turbinies
Piesel ac-dc dc-dc

Propellcr(Es) 3 x C 1 x F 1 4 x F 3x FP
Diameter (in) 4.88 NP NP 3.5 5.634
No. blades 4 NP NP 4 NP
Nozzle(5) No No NP No No

Perl'ormance

Open water (kn) 17.0 14.7 18 185.5 18.0
Inice 3 kninl1.83 m 5.Skn in 0.41 m NP 2 knin 0.82 m 2 kiinl1.43 m
S!p/1 (tonnecs/i) 17.8 2.1 NP 5.0 11.0

Calculated or measured values.
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Icobroking Shp U.S.S.R.

Moskva
Leningrad Probrynya

Kiev Nikitich- Amg3uema-
Lena-class Murrmansk class class Sernyon Deshnci.

Shp&(6) Vaiootok (22) (13) Ivan Moskx'itin

vessel type Cargo lcekbreakere lcebreakere Cargo lcetbreakere
Year(s) construction 1950 1961-49 16t in 1961 1962-72 1971

complcew

Diniensions
L3P (m) ND 112.4 62 123 ND

15(m) 18.9 24.5 18.0 18.9 NO

D (in) 11.2 11.5 13.3 11.6 ND
H (mn) 6.3 10.5 5.5 9.1 NO
Displacement (tonnes) NO 15,360 2,718 13,540 15,000

Form varlat'les,
S;te-m angle (4eg) N2 26.5 26o 29 N

EoW type ND0 ND NO ND ND
Propulsion

Total power (MW) 65.2 16.2 4.1 5.4 22.5

bollaral pull (tonineo) 70 1836 53 (52 NDP
No.sohafts 1 3 2A +1F 1 ND

Power/shaft (MW) 6.2 5.4 1.0 5.4 ND
Machinery Diesel Dies5el Diesel Diesel ND

ic.c c-64C cc-dc 'Ge

Propeller(s) 1xFP 3x FF 3xFP I xFF' ND
Diameter (in) ND 5.8/4.82 ND ND ND

No. blacleo ND ND ND ND ND
Nozzle(s) No No No No ND

Performance

Open water (kn) 15.4 18.0 14.5 15.0 ND
nice 2 knin 0.73 m 2 kninl1.07 m 2 knrin0.01 m 2 krninO.7 m ND

5F/13 (tonnes/mn) 3.7 7.6 2.9 3.3 ND
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Icebreaking Sh~pe U.S.S.R.
Kapitan Chechkin

~~Kap. Soroin
Kap. 5o-okin ap. Chadayev

Ermak Leoriid fSrezhriev Kap M. lzmaylor Kap. Nikolaev K.ap. lCrutov
Admiral Makarov Sifrir Kap. K.asotapov K.ap. Pranitsyn K.ap. f5ukacv

Ship & rain Ross~ya Kap. A. Radzhbov Kap. Khlebnikov Kap. Zarubin
country U.5.5.. U.S ... U.5.5R1v L.5.5.R, U.5.5.R,

Vessel type Icebreakers Iccbreakers Icebreakers Icebreakers Icebreakers
Year(s) construction 1974 1975/77/55 1976 1977-7e 1977-78

completed
Dimensions

L(5P (in) 13.0 133 54 125 74
5 (mn) 26.0 30 15.7 26.5 16.3
P (m) 16.7 N 0 N0 N D NO
H (in) 11.0 10.4 4.2 5.5 3.3
Displacement (tonnes) 20,214 23,460 2,045 14.900 2,240

Form v'arables

Stem angl1e (6dcg) 26o 24 NO 23 NO
15oW type NO Straight NO Straight, N 0

Propulsion
Total power (MW) 26.5 56 2.6 16.2 4.7
lSollard pull (tonnee) 2&5 515 33 1&6 59
No. shafts 3 3 2 3 3
Power/shaft (MW) 3.8 19 1.3 5.4 1.6
Machinery Diesel Nuclear reactors Diesel Diesel Diesel

dc-dc Ste-am rurtin&es Sc-dc ac-dC ac-jc
ac-dc

Propeller(s) 3xFP 3x FP 2x FP 3XFP 3
Diameter (mn) 5.4 NO NO NO NO
No. blades ND NO NO NO ND
Nozzle(s) No No No No No

Performance
Open water (kn) 20 21 13 19 14
nice 2 kninl1.53 n 2 kmin 1.77 m NO NO NO
f7p5 (tonnes/in) 11.0 17.2 2.1 7.0 3.6r
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icebreaking Shim. U.S.S.R.

5troptivy
Sprayed Livy Kfapitan- Alcksei-

5takhariaets Mu 'Yuo 5A-15- Yevdokimov- Kosygin-
Suvoroveta Magadan class class class

3hip & Sibirsikly Dickson (119) (83) (3) Sevmorput
country U.5.5.P. U.S.S.R. U.5.5.. U.5.. U.5.5.R. U.S.S.R.

Vessel type Icebreakers Icebreakers Cargo Icebreakers LASH LASH
cargo cargo

Year(s) construction 1979-80 1982-&3 1952-e86 1953--84 1984 19&6
completai

Dimensions
LF (in) r09 78.5 164 73 232 228.8
B Cm) 18.0 21.2 24.5 16.6 32.2 32.2
D (m) ND 10.5 15.2 ND 18.3 18.3
H (m) 65.5 6o.0 9.0 2.5 11.7 10.7
Displacement (tonnes) 4,200 7250 24,255 2,150 61,950 61,000

Form variables
Sternangle (deg) ND 26o 30 25 ND 30
bow type ND0 Straight Straight Spoon ND Straight stem

Fropulsion
Total power (MWV) 5.6 9.1 15.4 3.8 24.7 29.4
Dollard pull (tonne) 68 106 146 49 245 353
No. shafts 2 2 1 4 2 1
Power/shaft (MW) 2.8 4.6r 15.4 1.0 12.4 29.4
Machinery Diesel Diesel Diesel Diesel 2 x glow speedi Nuclear reactor

Direct drive Direct drive Direct drive ac-dc diesel

Direct drive Direct drive
Propeller(s) 2 xCP 2 xCP 1 xCP 4x FP 2 xFP 1 xCP

Diameter (mn) ND 4 5.6r NDP 5.6 8
No. Wlades ND 4 4 ND ND ND
Nozzle(s) No No No ND No Ye s

Performance

Open water (kn) 15 16.5 17.0 13.5 10.4 20
Inice ND ND 2 knlrin ND ND ND
5P/5 (tonnes/m) 3.8 5.0 6.0 3.0 ND 11.0
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Icebrealdng Ships U.S.S.R. and W.t Gemany

Taymyr-

class Vitus Max Waldeck
Ship & (2) eBering Wenertor (modified) Polarstern
country U.S.S.R. U.S.5.R. FR .. IG. F. KG.

Vessel type Icebreakers Supply Icebreaking Icebreaker lcelbreaker

vessel supply vessel
Year construction 1966 ND ND NO 1982

completed
Dimension

L1P (m) 142.5 142.4 ND 46.6 102.2
5 (m) 25.6 22.4 14 11.9113.1 25
D (m) ND 12.0 ND ND 13.6
H (m) 8.0 8.5 NO 5.0 10.5
Displacement (tonnes) 23.500 10,600 ND 1,295 15,000

Form variables
Stem angle (deg) ND ND ND 16 24
5ow type ND ND ND Thyssen-Waas ND

Propulsion
Total power (MW) 38.3 11.5 7.0 2.4 14.7
Bollard pull (tonnes) 379 ND ND 30 209
No. shafts 3 2 ND 1 2
Power/shaft (MW) 12.8 4.6 ND 2.4 7.4
Machinery Nuclear reactor Diesel NO ND Diesel

Steam turbine ac-dc Direct drive
ac-ffc-ac

fropeller(s) 3 x FP NO ND 1 x FP 2 x CP
Diameter (m) ND ND ND 3.25 4.2
Noa blades NO ND ND ND 4
Nozzle(s) No NO NO No Yes

Performance

Open water (kn) ND 15.9 ND ND 15.5
In ice 1 kn in 1.7/1.5 m ND 2 kn in 0.&5 m 2 kn in 0.8 m 2 kn in 1.45 m

6.5 in 0.6 m (at 1.6 MW)

15P/5 (tonnes/m) 13.3 ND ND 2.5/2.3 8.4
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Regulations for Navigation on the
Seaways of the Northern Sea Route
Approved by USSR Minister of Merchant Marine
14 September 1990

These regulations were worked out in accor- Supply of Vessels Navigating the Northern
dance with the USSR Council of Ministers Decision Sea Route;
No. 565 of 1 June 1990, taking into account the rel-
evant provisions of the Soviet legislation and rules 1.6. Administration Representative(s)-the Head,
of international law. Deputy Head, Chief State inspectors, or State

Inspectors of the Administration as well as
1. Definitions officials of Marine Operations Headquarters

and other persons authorized by the Adminis-
The terms and phrases listed below shall have tration to exercise specific functions within its

the following meani,, when cited in the text: competence; and

1.1. The Regulations-these Regulations for Naviga- 1.7. Marine Operations Headquarters-special navi-
tion on the Seaways of the Northern Sea Route gational services of the Murmansk and Far
the official text of which is published in the East Shipping Companies, directly performing
Notices to Mariners; ice operations as sea on the Northern Sea

Route, the work of which is generally co-
1.2. The Northern Sea Route-the essential national ordinated by the Administration. The requisite

transportational line of the USSR that is situ- postal data of the M ,rine Operations head-
ated within its Inland seas, territorial sea (terri- quarters are given in the Guide to Navigation
torial waters), or exclusive economic zone ad- through the Northern Sea Route.
jacent to the USSR Northern Coast and in-
cludes seaways suitable for leading ships in 2. Principles, object, and goals of regulating
ice, the extreme points of which are limited in
the west by the WESTERN entrances to the The Regulations shall, on the basis of non-dis-
Novaya Semlya Straits and the meridian run- crimination for vessels of all States, regulate navi-
ning north through Mys Zhelaniya, and in the gation through the Northern Sea Route for the
east (in the Bering Strait) by the parallel 66' N purposes of ensuring safe navigation and prevent-
and the meridian 168°58'37" W; ing, reducing, and keeping under control marine

environment pollution from vessels since the spe-
1.3. The Administration-the Administration of the cifically severe climatic conditions that exist in the

Northern Sea Route, USSR Ministry of Mer- Arctic Regions and the presence of ice during the
chant Marine, established by the USSR Council most part of the year bring about obstacles, or in-
of Ministers Decision No. 683 of 16 September creased danger, to navigation while pollution of
1971 and having its domicile at 1/4 the Northern Coast of the USSR might cause great
Rozhdestvenka, Moscow, 103759, USSR; harm to the ecological balance or upset it irrepara-

bly, as well as inflict damage on the interests and
1.4. Vessel--any ship or other craft regardless of her well-being of the North peoples.

nationality;
3. Request for leading through the Route

1.5. Special requirements-technical and operational
rates and standards as set forth in publications 3.1. The Owner or Master of a vessel intending to
issued by the Administration in additi-r to the navigate through the Northern Sea Route shall
Regulations, including the Guide t Naviga- submit to the Administration (Marine Opera-
tion through the Northern Sea Route and the tions Headquarters) a notification and request
Requirements for the Design, Equipment and for leading through the Northern Sea Route in
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compliance with the form and time stated in complies with special requirements and cargo
the Guide to Navigation through the Northern documents and, depending upon the particu-
Sea Route. lar circumstances, direct examination of the

vessel's condition, her equipment, facilities,
3.2. The Administration (Marine Operations technical navigational instruments, and readi-

Headquarters) shall consider the submitted ness and ability to fulfill requirements con-
request and inform the submitter of the possi- cerning prevention of marine pollution.
bility of leading through the Route and other
circumstances to be taken into consideration 6.4. The Master of the vessel shall be obliged to
by the Owner or Master. render necessary assistance to the Administra-

tion Representative in order that examinations
4. Requirements for vessels and command should be completed in the most comprehen-

personnel sive and prompt way

To navigate the Northern Sea Route, a vessel 7. Order of navigation
shall satisfy special requirements while the Master,
or the person that performs his duties, shall be ex- 7.1. The leading of vessels through the seaways of
perienced in operating the vessel in ice. the Northern Sea Route shall be performed

In case where those persons have no si ich ex- during the navigational period the beginning
perience, or when the Master requests so, the Ad- and end of which shall be determined by the
ministration (Marine Operation Headquarters) Administration and Marine Operations Head-
may assign a State Pilot to the vessel to assist in quarters taking into account predictions and
leading it through the Northern Sea Route. the actual state of ice, navigational, hydro-

graphic, weather, and other conditions.
5. Due security of liability

7.2. A vessel that has been admitted for leading

It should not be permitted to navigate the through the Northern Sea Route shall navigate
Northern Sea Route to vessels that have not it following the sea way that has been assigned
aboard a certificate of due financial security with her and keeping the routes recommended by
respect to the civil liability of the Owner for dam- the Marine Operations Headquarters.
age inflicted by polluting marine environment and
the Northern Coast of the USSR. 7.3. The Master of a vessel navigating the Northern

Sea Route shall be obliged to carry out orders
6. Check from the Marine Operations Headquarters

concerning correction of the route due to
6.1. In cases where unfavourable ice, navigational, dianges in ice conditions and occurrence of

hydrographic, weather, and other conditions other circumstances capable of affecting safety
occur that might endanger a vessel, or where of navigation or bringing about a threat to the
there is a threat of polluting marine environ- ecological situation.
ment or the USSR Northern Coast, an Admin-
i.tration Representative may carry out in in- 7.4. Compulsory icebreaker-assisted pilotage* is
spection of the vessel while it navigates the established in the Proliv Vil'kitskogo, Proliv
Northern Sea Route. Shokal'skogo, Proliv Dmitriya Lapteva, and

Proiv Sannikova due to adverse navigational
6.2. In case where there is a threat of polluting ma- situation and ice conditions and for the pur-

rine environment or the USSR Northern pose of ensuring safe navigation.
Coast, inspections of vessels may be also car- In other regions the Marine Operations
ried out by representatives of other Soviet Headquarters shall, in consideration of ensur-
State Bodies authorized to do so.

6.3. At the discretion of the Administration Repre- "Icebreaker-assisted pilotage" implies an icebreaker
sentative, inspections may include examina- leading a vessel, a pilot being on board the latter
tion of documents certifying that the vessel (Note by the Administration).
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ing safe navigation and for the purpose of pro- be supplied with navigational information
viding the most favourable navigation condi- and rendered leading and rescuing services.
tions, prescribe one of the following types of
leading as determined by the circumstances: 8.4. When navigating the Northern Sea Route,

payments for the services rendered to vessels
(1) Leading along recommended routes up to by the Marine Operations Headquarters and

a certain geographical point**; the Administration shall be collected in accor-
dance with the rates duly adopted.

(2) Aircraft-assisted leading***;
9. Suspension of navigation

(3) Conventional pilotage;
In cases where an obvious necessity of envi-

(4) Icebreaker leading; and ronment protection or safe navigation dictates so,
the Administration or Marine Operations Head-

(5) Icebreaker-assisted pilotage. quarters may suspend navigation of vessels on
specific parts of the Northern Sea Route for the

The Marine Operations Headquarters shall period that the circumstances exist that have
be entitled to substitute one type of leading for caused such a measure.
another.

10. Removal of vessels off the route
7.5. The Master of the vessel navigating the North-

em Sea Route shall be obliged to maintain con- If a vessel navigating the Northern Sea Route
tact with the Radio Centre of the appropriate violates the provisions of these Regulations, in
Marine Operations Headquarters, depending particular Regulations 3 and 4, it may be ordered
upon the geographical position of the vessel, to leave the Route.

The direction of the vessel's leaving the Route

8. Control of navigation shall be determined by Marine Operations Head-
quarters taking into account the safety of the yes-

8.1. Navigation of vessels admitted to be lead sel, its crew, and cargo and necessary measures to
through the Northern Sea Route shall be orga- protect nature.
nized and controlled by the Administration
through the Marine Operations Headquarters. 11. Liability

8.2. Navigation of vessels through the seaways of The Administration and the Marine Opera-
the Northern Sea Route shall be organized and tions Headquarters shall not be liable for damage
controlled by the following authorities: inflicted on a vessel or property located aboard

her by leading in ice conditions unless it is proved
(1) In the western part, up to the meridian 1250 that they bear guilt for damages inflicted.

E-by the West Marine Operations Headquar-
ters at the port of Dikson; and 12. Notification

(2) In the eastern part, E of the meridian 1250 E- In addition to the existing requirements con-
by the East Marine Operations Headquarters at cening reports on marine environment pollution,
the port of Pevek. the Master of a vessel navigating the Northern Sea

Route shall be obliged to promptly inform an Ad-
8.3. Marine Operations Headquarters (or the Ad- ministration Representative of any fact Gf pollut-

ministration) shall provide that vessels should ant discharge, as effected by that vessel or de-
tected thereby.

Shore-based pilotage.
May be conducted by planes or helicopters (Note by Redactor: A.P. Suchorukov
the Administration). Technical Redactor: N.O. Kalmykova
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APPENDIX C
REQUIREMENTS FOR THE DESIGN, EQUIPMENT
AND SUPPLY OF VESSELS NAVIGATING THE
NORTHERN SEA ROUTE*

ADMINISTRATION OF THE NORTHERN SEA ROUTE

The present set of requirements takes into account the especially
complex and dangerous navigation conditions along the Northern Sea
Route and is intended to ensure navigation safety and to prevent pollu-
tion of the marine environment and northern coast of the USSR, a region
that is especially vulnerable and where it is forbidden to dispose of petro-
leum products and other harmful substances in any amount, or of mix-
tures of such substances that contain such substances at percentages that
exceed established standards, in accordance with the applicable legisla-
tion.

The requirements have been developed in accordance with the
Administrative Legislation of the Northern Sea Route, approved by reso-
lution of the Council of Ministers of the USSR (No. 683), September 16,
1971 (Legislation of the USSR, 1971, Part 07, page 124) and the Rules for
Navigation on Sections of the Northern Sea Route (Rule 1, Part 1.5, and
Rule 4) approved by the Ministry of the Sea-going Fleet September 14,
1990.
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*USACRREL translation of the original Russian text.
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1. DEFINmIONS

1.1. Administration: Administration of the Northern Sea-going Fleet
of the Ministry of the Sea-going Fleet of the USSR

1.2. Headquarters: Headquarters of sea operations: special naviga-
tion services of the Murmansk and Far East sea-going steamship associa-
tions directly responsible for commercial sea operations along the North-
ern Sea Route. Overall coordination of the operations is the responsibility
of the Administration.

1.3. Requirements: Requirements on the design, equipment, and
provisions of ships plying the Northern Sea Route.

1.4. NSR: Northern Sea Route.
1.5. Inspector Chief state inspector or state inspector the Administra-

tion, or the latter's authorized agent.
1.6. Petroleum products: Any type of petroleum product, including

crude oil, refined petroleum products, liquid fuel, oil, waste products,
and residue of the latter, as well as mixtures of any of the latter with other
substances.

1.7. Harmful substance: Any substance that, if disposed of in the sea,
may present a danger to living resources, marine fauna and flora, or the
health of human beings, interfere with activities in the sea, such as fish-
ing, or worsen the quality of sea water with respect to the different ways
it is utilized.

1.8. Rules of USSR Registry: Rules of classification and construction
of sea-going vessels of the USSR Registry.

1.9. Rules of Navigation: Rules of Navigation Along Sections of the
Northern Sea Route.

1.10. Handbook of Navigation: Handbook of navigation for vessels
along the Northern Sea Route.

1.11. Ship owner Person or organization holding ownership of a ves-
sel.

1.12. Self-propelled ship: Ship with a mechanical engine intended to
propel the ship.

1.13. Non-self-propelled ship: Ship lacking a mechanical engine for
propulsion.

1.14. Icebreaker: Special ship intended for guiding, icebreaking, and
towing vessels and carrying out rescue and other operations on ice floes.

1.15. Ice conditions: Distribution of ice of different characteristics in a
navigation area.

1.16. Favorable ice conditions: Presence of ice of compaction up to
level 3.

1.17. Unfavorable ice conditions: Present of ice of compaction level 7
or higher, and of icebergs.

2. GENERAL REGULAIONS

2.1. Unless otherwise stated, the present requirements cover all ves-
sels with gross tonnage of 300 t (registered) or greater that travel along
the Northern Sea Route.

2.2. Besides the present Regulations, vessels that travel along the
NSR must also satisfy the applicable Rules of the USSR Registry for ves-
sels containing the following literal designations of ice resistance catego-
ries as part of the symbol of their class: Li, UL, or ULA, or the literal des-
ignations of the equivalent ice categories used by other classifying orga-
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nizations, 1 and must also satisfy the Regulations of applicable interna-
tional conventions and the Code of the International Maritime Organiza-
tion.

If the Administration (headquarters) so decrees, a ship belonging to
ice resistance category Li of the USSR Registry, or to equivalent ice resis-
tance categories used by other classifying organizations, may be permit-
ted to travel, while under the control of icebreakers, along sections of the
Western (up to 125-E) district of the Northern Sea Route and along indi-
vidual sections of the Eastern district of the Northern Sea Route during
the summer navigation period if the navigation conditions are favorable.

2.3. Icebreakers are permitted to navigate along the Northern Sea
Route under ice conditions that correspond to the designation of their re-
spective ice resistance category Operation of an icebreaker under more
severe ice conditions than that envisaged by its ice resistance category is
permitted in each individual case upon decision of the Administration
(headquarters) following a review of the appropriate documentation
provided by the owner of the vessel confirming that the state of the hull,
machinery, and systems of the particular icebreaker is such as to ensure
the necessary navigation safety when the vessel is in the particular dis-
trict as well as to preclude any possibility of pollution of the sea.

2.4. Operation of ships of ice resistance category L2 may be permit-
ted as an exception, upon special resolution of the Administration (head-
quarters), in the summer navigation period along sections of the Western
district of the Northern Sea Route under favorable navigation conditions
and favorable forecasts of navigation conditions. Operation of ships be-
longing to ice resistance category L2 in the Eastern district of the north-
ern navigation route is not permitted in ice floes.

2.5. As an exception, transport ships that are currently in service and
assigned to Arctic ports at the time of publication of the present set of Re-
quirements and, moreover, have been assigned ice resistance category L2
or ice resistance category L3 may be permitted to travel along the North-
ern Sea Route exclusively during the period of summer navigation un-
der favorable ice conditions within coastal pools of ice-free water in Arc-
tic seas.

Such vessels may travel in this region only during the summer pe-
riod upon a special decision of the Administration (headquarters) subject
to the technical state of the vessel and the particular ice conditions.

2.6. Inland navigation vessels that have put out to sea (Marine Regis-
try classes M-SP, M-pr, and O-pr), may be permitted to travel along the
Northern Sea Route in regions and during periods prescribed for them
by Internal Navigation Legislation, 2 though the ice conditions in these
regions must not be more severe than the conditions prescribed in the
Regulations of the Marine Registry for ships of the corresponding
classes.

2.7. On ferry operations during the summer navigation period, in-
land and mixed-use navigation vessels may be permitted to travel along
sections of the Northern Sea Route only on one-time excursions. The pos-
sibility, conditions, and provisions that are provided to inland and
mixed-use navigation vessels on ferrying operations completed along
sections of the Northern Sea Route are determined in each individual

A rough comparison of the literal designations of ice resistance categories between
those employed by the USSR Registry and other classifying organizations is pre-
sented in the Appendix.
2 Protocol on prescribed conditions which much be satisfied by inland navigation
vessels that put out to sea.
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case by the Administration (headquarters) subject to the actual ice situa-
tion along the particular section, the ice class of the vessel (ice resistance
category), the technical state of its hull, machinery, and systems under the
applicable conditions to ensure safe passage and to prevent pollution of
the marine environment.

2.8. One-time excursions of ships and vessels belonging to the navy
along sections of the Northern Sea Route are performed upon special au-
thorization of the Administration (headquarters) following review and
consultation regarding plans for additional equipment required to en-
sure safe passage and to prevent pollution of the marine environment.

2.9. Non-self-propelled vessels may be permitted to navigate along
the Northern Sea Route under the condition that they fulfill the present
set of Requirements (Parts 3 and 6) and that the towing method has been
approved by the Administration (headquarters). Whether other Parts of
the present set of Requirements have to be fulfilled is something that has
to be determined in each individual case by the Administration (head-
quarters).

2.10. The captain (owner) of a ship that is to travel along the North-
ern Sea Route must transmit to the Administration (headquarters) an ap-
plication for a commercial run or excursion along the Northern Sea Route
that confirms the degree to which the vessel fulfills the present set of Re-
quirements. The content of the application is [illeg] in the Navigation
Manual.

2.11. Inspection of the ship to verify its compliance with the present
set of Requirements is performed at the expense of the owner of the ves-
sel and may be carried out from the harbors of Murmansk, Nakhodka,
Vladivostok, or Provideniya, as well as from any other harbor convenient
to the owner of the vessel.

2.12. Ships engaged in excursions along the Northern Sea Route may
be freed (by the Administration (headquarters)) from the responsibility
of having to fulfill certain Parts of the present set of Requirements if, fol-
lowing an inspection, it is found that the ship is in sufficient compliance
with the navigation safety regulations and regulations for prevention of
pollution of the environment for completing the particular excursion un-
der the given ice conditions.

2.13. Reviews are carried out by the Inspector in accordance with the
Supervisory Manual to ensure that the ship is in compliance with the
present set of Requiremc.s. The Administration may assign the task of
carrying out the inspection to agents of the Inspector or to organizations
recognized by the Inspector.

2.14. Places for carrying out a reinspection (harbors, harbor stations,
harbor anchorage, etc.), which is done in accordance with Part 6 of the
Navigation Rules, is established by the Administration (headquarters) in
light of the particular route which the ship is to follow.

2.15. In the course of a ship inspection, the captain (owner of the
ship) is required to provide the Inspector with all necessary information,
indicating which Parts of the Regulations the ship is in violation of, to-
gether with all ships documents, including the Certificate of Seaworthi-
ness of the ship, if it is provided for by the Regulations of the particular

-Cuntry, a Certificate of Classification, and an International Certification
that confirms that all requirements that are part of the following Interna-
tional Conventions have been satisfied:

* Convention on the Protection of Human Life at Sea (SOLAL-
74/78)

* Convention on the Prevention of Pollution from Ships
(MARPOL-73/78)

" International Loadline Convention (1966), as well as the

143

il_.a



Code of the IMO on Safety, Construction, and Equipment forU Special Types of Ships (nuclear-powered vessels, chemical
carriers, gas carriers, etc.).

2.16. From the results of the inspection, the Inspector completes a
Ship Inspection Report and determines whether the particular ship may
travel along the Northern Sea Route and under what conditions and is-
sues the corresponding decision.

3. HULL OF SHIP

3.1. All ships must be provided with a double-bottom floor through-
out the entire width of the ship and over the entire breadth between the
forepeak and afterpeak bulkheads. The height of the double-bottom floor
corresponds to the applicable rules of the classifying organizations.

On ships with an icebreaker stem and short forepeak the double-bot-
tom floor need not extend to the forepeak bulkhead in the area of the
raked stem under the condition that the watertight compartments situ-
ated between the forepeak bulkhead and the bulkhead in the area of the
joint between the stem and the keel line are used exclusively for storage
of nonpolluting substances.

Double-bottom and double-side tanks may not be used for storage of
petroleum products or other harmful substances. The use of double-bot-
tom and double-side tanks on ships in service at the time of publication
of the present set of Requirements is permitted for storage of fuel and lu-
bricants.

3.2. The cargo tanks of tankers with deadweight greater than 5000 t
used to transport petroleum products, as well as the cargo tanks of chem-
ical carriers and gas carriers, must be situated at a distance of not less
than 0.76 m from the outer sheathing of the ship hull. Space in the
double-bottom floor and the double sides of tankers may be used as
tanks for isolated ballast or must be kept empty.

3.3. The shape of the hull of ships intended for use on the Northern
Sea Route must be adapted for navigation under the ice conditions of the
Arctic basin. If bow line shapes different from that recommended by the
Rules of the USSR Registry are used, operation of the particular vessels
on sections of the Northern Sea Route must be approved by the Adminis-
tration (headquarters). Navigation of ships with bulb-like bow lines is
not permitted.

3.4. The ice toughness and construction of the hull of ships intended
for navigation along sections of the Northern Sea Route must satisfy the
requirements set forth in the applicable Rules of the USSR Registry for
ships subsumed under ice resistance categories ULA, UL, and LI, or the
equivalent regulations of other classifying organizations.

3.5. To ensure safe navigation along sections of the Northern Sea
Route, from the standpoint of the toughness of the ship hull, it is recom-
mended that ships plying these routes carry onboard the ship's Ice Log
or, if the latter is lacking, Temporary Recommendations on Safe Speeds
When Traveling through Ice Floes. This will allow the ship's navigator to
determine a safe speed for the ship when traveling through ice floes as a
function of the region and season of operation, the ice conditions along
the section of the route, as well as the technical state of the hull.

3.6. In deciding whether domestically produced ships constructed in
accordance with the Rules of the USSR Registry effective prior to 1981
should be permitted to navigate along sections of the Northern Sea
Route, the technical state, construction, and strength of the hull of the
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ship must be subjected to a special examination by the Administration
(headquarters).

3.7. Additional supports of the sheathing and equipment must be
provided in the bow part of the ship hull in order to ensure that the
towed vessel is right next to the icebreaker. It must also be possible to fas-
ten a tow line to the tip of the bow. If necessary, devices should be pro-
vided for removal and packing of the milled anchors onboard the ship.

4 MECHANICAL DEVICES

4.1. Mechanical devices must satisfy the requirements set forth in the
Rules of the USSR Registry or those of equivalent rules of foreign classify-
ing organizations for ships of the corresponding categories.

4.2. The time it takes to reverse one of the main propulsion engines
(in maneuver mode) or to switch the blades of the controllable-pitch pro-
peller from "full speed ahead" to "full speed backward" must not exceed
45 seconds.

4.3. When operating in reverse, the main propulsion engines must
develop at least 70% of the rate of revolution of the forward running
mode.

4.4. The propellers must have at least four blades and must be pro-
duced from stainless steel or high-strength bronze. It is recommended
that propellers with detachable blades be used.

4.5. The propeller shaft tunnels must have local and remote con-
trolled waterproof closings. On ships that entered into service prior to
publication of the present set of Requirements, the presence of only a lo-
cal drive is permitted.

4.6. On all ships one of the Kingston boxes must be an ice box with
devices for heating and blast cleaning.

5. SYSTEMS AND EQUIPMENT

5.1. All ships must be equipped with a closed-de. irain system that
includes a device for biological cleaning or physicochemical treatment
and sterilization of drainage water. The efficiency of the device must be
sufficient to ensure simultaneous treatment of both drainage and domes-
tic water. A collecting tank with capacity sufficient for independent navi-
gation of the ship must be provided in order to collect wastes (slurry)
from the device. If no device is provided for treatment of the drainage
water, a system with a collecting tank of capacity sufficient for storage of
the drainage water onboard the ship is required whenever the ship is in
regions where it is forbidden to discharge drainage water.

5.2. An ice water separator intended for maintaining the content of
petroleum in the effluent below 15 ml/l 3 must be installed on every ship,
and storage tanks must be provided for storage of ice, washing, and bal-
last water that has become contaminated with petroleum products, in-
cluding that from the bilgeway when transporting toxic loads, all of
which it is forbidden to discharge along any section of the Northern Sea
Route. The volume of the storage tanks must be sufficient for self-con-
tained navigation of the ship for a period of 30 days.

3 [This number is not clear in the original Russian. Translator.)
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5.3. Each ship must be provided with a device for aollection and
destruction (incineration) of refuse and the ship's producHon wastes that
have become contaminated with petroleum products (wastes from sepa-

ration and filtration of fuel, oil, rinse water, etc.) or a tank for storage of
these wastes that is of sufficient volume for independent navigation of
the ship for a period of 30 days.

5.4. The tanks specified in Parts 5.1 and 5.2 must be supplied with a
pipeline laid out on the deck and leading to both sides of the ship, to-
gether with suitable pumping equipment for pumping out polluted wa-
ter to a floating collector or a mooring rope.

5.5. The ballast tanks, which are adjacent to the outer side above the
load waterline, including the double side tanks, must be supplied with a
heating system.

6. STABILITY AND UNSINKABILITY

6.1. The stability of ships in the undamaged state must satisfy the
requirements set forth in the USSR Registry or applicable international
requirements provided for in international Conventions, Codes, and oth-
er documents of the IMO [International Maritime Organization].

6.2. The stability of the ship must be verified with respect to the po-
tential ice accretion on the ship. In this verification, the quantity of ice per
square meter of area of the total horizontal projection of the open decks
must be taken to be at least 30 kg; similarly, the quantity of ice per square
meter of area of the lateral surface exposed to the wind must be at least
15 kg.

6.3. The division into compartments and the stability of the ship in
the damaged state must correspond to the requirements set forth in the
Rules of the USSR Registry or in international regulations set forth in the
SOLAS-74/78 and MARPOL-73/78 Conventions and other documents
developed by the IMO for different types of vessels.

6.4. Regardless of the requirements set forth in Part 6.3., all ships
must meet the requirements set forth in Part 6.5 in the case of the different
forms of ice-induced damage described in Part 6.6. The forms of ice-in-
duced damage for oil-carrying ships, chemical carriers, gas carriers, cat-
egory ULA of dry-cargo ships, and drilling and passenger ships may oc-
cur at any point within the zone of ice-induced damage; for category UL
and category Li of dry-cargo ships, including ro-ro-type ships, these may
occur between the watertight bulkheads, platforms, and decks. The re-
quirements in Part 6.5 do not extend to the case when the engine com-
partment is flooded if the latter is situation in the afterbody on ships be-
long to category UL measuring less than 90 m in length or on ships be-
longing to category Li measuring less than 125 m in length.

6.5. The requirements stipulated for emergency embarkation and the
stability of a damaged ship are considered to have been fulfilled if the fol-
lowing conditions are satisfied:

6.5.1. Following righting of the ship and, in cases in which no at-
tempt is made to right the ship, after flooding, the emergency waterline
passes below the bulkhead deck.

6.5.2. The initial metacentric height of the ship in the final stage of
flooding, assuming the ship is not in a tilted position, determined by the
constant displacement method, prior to taking measures to increase this
height, must not be less than 0.05 m.

6.5.3. The bank angle in the case of nonsymmetric flooding must not
exceed 200 (for passenger vessels, 15'), and after measures have been
taken to right the ship, 120. -
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6.5.4. The statistical stability diagram of a damaged ship in the final
stage of flooding must have an area of at least 0.0175 m-rad, the span of
the section from the positive arms must be at least 200, and the maximal
arm at least 0.1 m within this span.

6.6. Calculations of the emergency stability must assume the follow-
ing dimensions of the ice-induced damage in the zone where the damage
occurs extending from the main line to the level 1.2 di within the length
Li:

" lengthwise space, 0.045 L, if the middle of the puncture is at a
distance of 0.4 L from the fore perpendicular and a distance
of 0.015 Li from any other part of the ship;

" depth of damage, measured along the normal to the outer
sheathing at any point of the area of the calculated damage,
0.75 m;

" vertical dimension, 0.2 di.
Here Li is the length of the ship measured along the waterline

corresponding to a draft of di to the upper boundary of the ice belt.

7. NAVIGATION AND
COMMUNICATIONS EQUIPMENT

7.1. All the electrical, radio, and navigation equipment and com-
munications instruments installed onboard the ship must correspond, in
terms of characteristics, to the requirements set forth in international con-
ventions, regulations of the Registry, or the 11O [expansion unknown]
and navigation conditions in the Arctic Ocean. The equipment must be
provided with all necessary spare parts as well as factory instructions on
operation and repair of the equipment.

7.2. All ships traveling along the Li must be equipped with standard
means of navigation together with the following additional instruments:

7.2.1. Gyroscopic compass with repeaters at all control stations as
well as a fathometer and a direction finder, are installed on all ships.

7.2.2. Ships with gross tonnage of more than 1600 t (registered) as
well as all passenger ships, are provided with two radar sets that operate
independently of each other, one of which should have a wavelength of
10 cm. Ships with lesser tonnage are provided with a single radar set with
wavelength of 3 cm.

7.2.3. All ships must be equipped with a receiving display of a radio
navigation or satellite navigation system that makes it possible to deter-
mine the position of the ship to within at least 100 m at a 95% probability.

7.2.4. All ships must be provided with a log for measurement of
speed. It is recommended that a radio log or an acoustic log supplied
with a system of transmitters and receivers protected from the possibility
of collisions with ice be used.

7.3. In addition to ordinary means of radio communications, all ships
must be provided with the following equipment:

7.3.1. Onboard ground station for satellite communications (or some
other type of station that makes possible reliable communication in the
zone defined by the sections of the Northern Sea Route).

7.3.2. Receiver of navigation warnings (NAVTEKS).
7.3.3. Trailing sea-marker radio buoy.
7.3.4. Instruments for sound recording and reception of facsimiles,

including receipt of maps of hydrometeorological information.
7.3.5. Ultra-short-wave stations for communications with aircraft,

helicopters, and ships traveling in a convoy and operating at a frequency
of 122.5 MHz.

147



8. PROVISIONS AND
EMERGENCY FACILITIES

8.1. Each ship must be provided with a double store of fuel and lubri-
cants at the start of a voyage along the Northern Sea Route, determined
on the basis of the planned voyage along the Northern Sea Route. On
non-stop trips along the Northern Sea Route, the stores of fuel and lubri-
cants must be sufficient for 30 days. In calculating the fuel stores, the full
speed in open water must be used as the rated speed. Stores of provisions
and fresh water (taking into account replenishment from a distilling
plant) and all other types of ships provisions must be sufficient for at least
60 days.

8.2. Spare parts, instruments, and fire-fighting equipment must be
available onboard the ship, the range and quantity of which is deter-
mined by the corresponding requirements set forth in the Rules of the
USSR Registry or the rules of other classifying organizations for ships of
the appropriate categories.

Moreover, the set of spare parts must include a screw propeller or
two spare blades for each propeller in the case of propellers that are in-
stalled with detachable blades.

8.3. All ships must be provided with emergency supplies the volume
of which is determined by the Rules of the USSR Registry or the rules of
other classifying organizations for ships with unlimited cruising range,
together with the additional equipment as specified in Table 1.4

Table 1.

No. Typt of equipment onboard Characteristic Quantity

I Pulleys or notch blocks for raising a damaged de- Full set I
tachable propeller or damaged blades to the deck

2 Portable gas-welding equipment for welding Full set, weight I
and cutting, including spare electrodes (not on around 30 kg
tankers)

3 Search light with set of spare bulbs for At least 2 kW 1
illuminating the channel

4 Portable electric submersible pump with 2
delivery 100 t/hr, including a full set of hoses

5 Full sets of very warm clothing Based on
size of crew

6 Hydrothermal suits (recommended) Based on
number of

people on ship

9. CREW OF VESSEL

9.1. The size of the crew for trips in ice floes must be large enough to
guarantee a three-shift watch, where this duty is required, at the ship con-
trol and equipment stations.

4 In case the set of additional equipment is not present onboard the ship, it may
be obtained on lease at the ports of Murmansk or Provideniya.
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9.2. The captain of the ship or person substituting for him on an oper-
ating watch must possess the minimal level of knowledge of navigation
in ice floes in accordance with the supplements to Rule 11 /2 of Conven-
tion on Training and Licensing of Seamen and Maintenance of Watches,
1978, have the experience of steering ships traveling under ice conditions
along sections of the Northern Sea Route for not less than 15 days. In the
absence of such experience, it is necessary to take onboard the ship a pilot
with experience navigating in ice floes (Navigation Rules, Part 4).

9.3. The captain of the vessel or person substituting for him on an
operating watch must know the signals that are employed by ice break-
ers on runs in ice floes and presented in the Navigation Manual.

9.4. Radio specialists must know the rules of practical radio com-
munications presented in the Navigation Manual.

9.5. The crew of the ship must be forewarned concerning prohibi-
tions against discharging polluting substances and rubbish along sec-
tions of the Northern Sea Route as well as their responsibility for any pol-
lution of the sea and ice cover in accordance with the laws of the USSR.

APPENDIX
Rough Correspondence Between the Literal Designations of Ice
Resistance in the Class Symbols of the USSR Registry and Other

Classifying Organizations*

Classifying orgamzation Types qf ice classes

USSR Register UL LI L2 L3
Lloyd's Register Ice class I* Ice Class I Ice Class 2 Ice Class 3

or IL Super or IA or IIB or IC
German Lloyd's E4 E3 E2 E1
Veritas Bureau Ice I Super Ice I Ice II Ice III

or IA Super or IA or IB or IC
Norwegian Veritas Ice IA* Ice IA Ice lB Ice IC
American Bureau of Ice AA Ice A Ice B Ice C

Navigation or IAA or IA or IB
or IC
Italian Sea Registry RGI* or IAS RGI or IA RG2 or IB RG3 or IC
Japanese Registry Class IA Class IA IS Class IB IS Class IC 15

Super IS or A lS or B iS or C IS
or AA IS

Finnish-Swedish ice classes Ice Class IA Ice Class IA Ice Class lB Ice Class IC
Super

Canadian Rules for A B C D
Prevention of Pollution of
the Arctic Ocean

The ice resistance categories for transport vessels that are presented above correspond to the
rules set forth by the classifying organizations in the period 1985-1990.
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APPENDIX D
LETTER FROM THE HEAD OF THE ADMINISTRAION OF
THE NORTHERN SEA ROUTE "TO THE OWNER OR
MASTER OF THE VESSEL"

To the Owner or Master of the Vessel

Dear sir,

We would like to draw your attention to the fact that "Regulations for Naviga-
tion on the Seaways of the Northern Sea Route" (NSR) officially are published
13.07.91 in the Notices to Mariners N 29.

Due to this "Regulations" the vessel intending to navigate through the NSR
shall satisfy special requirements.

For taking decision concerning the possibility of leading your ship through
NSR you should submit to Northern Sea Route Administration (NSRA) a notification,
where you must indicate the following:

1. Name of ship, flag, port of registry, shipowner (full name and full ad-
dress)

2. Gross/net tonnage Reg. T
2.1.Full displacement of the ship
3. Main dimensions (length, breadth, draft), output of main engines, propel-

ler (construction, material), speed, year of build
4. Ice class and classification society, date of last examination
4.1.Construction of bow (ice knife or bulb-bow)
5. Expected time of sailing through the NSR
6. Presence of certificate of insurance or other financial security in re-

spect of civil liability for environmental pollution damage
7. Aim of sailing (commercial voyage, tourism, scientific research, etc.)
The permission to pass through NSR, dates, region of navigation and conditions

of ice-pilotage you would be given by our experts after survey of your ship on
her co pliance to the Requirements for the Design, Equipment and Supply of Ves-
sels Navigating the NSR.

Such survey could be done at any suitable for you port (all expenses on your
account). After that all details of the leading of vessel via seaways of NSR must
be clarified in your agreement with Murmansk Shipping Co. or Vladivostok Far-
Eastern Shipping Co. which is responsible for arrangement of the above escort.

Please take notice that this permission for navigation on the seaways of the
Northern Sea Route would not give you right to conduct any scientific research in
Russian Arctic, and tourism or fishing as well. For these purposes you must send
a special request to the Ministry for Foreign Affairs of Russian Federation.

Now only tranzit escort of the foreign vessels via NSR (or sailing to port of
Igarka) is possible, becouse Russian Arctic ports (except Igarka) are not -pen
for entering of foreign vessels.

On this subject you may contact to
Northern Sea Route Administration
Address: 1/4, Rozhdestvenka, Moscow

103759, Russian Federation
Telex: 411197 MMF SU
Tel: (095) 926 16 96

Best Regards
Capt. V. Mikhailichenko
Head of NSRA
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APPENDIXE
OVERVIEW OF U.S. NAVY JOINT ICE CENTER
PRODUCTS AND SERVICES FOR NSR OPERAIONS

by D. Pashkevich and D. Benner
USNINOAA JIC, Washington, D.C.

At present, the Joint Ice Center (JIC) prepares three categories of
products and/or services that would provide information on sea ice con-
ditions along the Northern Sea Route. Routine Ice Guidance products are
available to all JIC customers via an autopolling distribution system. Tai-
lored Special Support and Sea Ice Services are only created for U.S. Gov-
ernment customers. Vessels can access all of the products hosf J in the
autopolling system via the global communication satellite (COMSAT)
system operated by the INMARSAT organization. In addition, a West
and East Arctic Ice Edge Analysis and Forecast is posted weekly (each
Tuesday) on the SCIENCEnet electronic mail and bulletin board service
operated by OMNET (617-244-4333). The JIC bulletin board is SEA.ICE
within OMNET.

1. Routine Ice Guidance Products

a) East and West Arctic Ice Analyses

These weekly charts (updated each Wednesday) are "global-scale"
(1: 10,000,000) analyses and are used for general guidance regarding total
ice extent (location of the ice edge), ice concentration (coverage in tenths),
and ice stage of development (thickness category). Areas covered in these
products include (but are not limited to ) the five Russian seas (Barents,
Kara, Laptev, East Siberian, and Chukchi) of the NSR and the waters
(Bering and Beaufort Seas) bordering Alaska. Data are derived from vi-
sual/infrared imagery from the Advanced Very High Resolution Radi-
ometer (1.1-km resolution) on the NOAA TIROS satellites and the Opera-
tional Linescan System (0.6-km) on the Defense Meteorological Satellite
Program (DMSP) satellites. In cloud-covered situations, the primary data
source is passive microwave imagery (25-km) from the Special Sensor
Microwave Imager aboard the DMSP satellite.

b) East and West Arctic 30-day Forecast

These bimonthly charts (issued on the 1st and 15th) show the pre-
dicted ice conditions valid in 30 days. These "global-scale" forecasts are
used primarily for mission planning.

c) Alaskan Regional Ice Analysis

These biweekly charts (issued on Tuesday and Friday) detail the ice
conditions on a "regional-scale" (1:7,500,000) in the Bering and Beaufort
Seas. Ice parameters of interest include the location of the ice edge, con-
centration, stages of development, and smaller scale features like coastal
leads/polynyas. Data are derived from NOAA TIROS AVHRR, DMSP
OLS, and DMSP SSMI.

d) West Arctic Seasonal Outlook

This annual long-range (issued on 15 May) forecast product predicts
the severity of ice conditions along the north slope of Alaska for the up-
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coming summer shipping season (July-August). Of greatest interest are
the opening and closing dates of the coastal shipping lanes (between Pt.
Barrow and Prudhoe Bay) for unescorted vessels.

2. Special Support Ice Guidance Products

Tailored sea ice support products can be requested (via letter or fac-
simile) by any U.S. Government agency needing detailed ice informa-
tion. Requests must specify the objective of the mission, start/end dates
of the operation, and geographic area of interest. Most tailored support
products are high-resolution "local-scale" sea ice analyses that are typi-
cally used for safety of navigation by vessels operating near or within the
sea ice pack.

This highly detailed sea ice analysis is produced by "blending" to-
gether several high-resolution data sources, which include: 1) infrared/
visual DMSP OLS imagery (0.6-kn resolution), 2) Synthetic Aperture Ra-
dar (SAR) data (30-240-m resolution) from the European Space Agency's
(ESA) European Remote Sensing (ERS-1) satellite, and 3) U.S. Navy aerial
reconnaissance data derived from either visual observations or Side-
Looking Airborne Radar (SLAR) imagery (5.5-m resolution).

For the purpose of ship routing along the NSR and Alaskan waters,
the ideal data source is all-weather high-resolution SAR. Unfortunately,
due to the absence of a data storage capability on the ERS-1 spacecraft,
SAR imagery is available only in limited quantities in direct read-out
mode in the mask of the receiving station. With respect to the NSR, the
JIC receives limited quantities of imagery for the East Siberian, Chukchi,
Bering, and Beaufort Seas from the Fairbanks, Alaska, station and can
purchase imagery from the Tromso, Norway, station as required for
analysis in the Barents, Kara, and Laptev Seas. The limitation on SAR
imagery availability from Alaska may change with the launch of the Ca-
nadian RADARSAT in the 1995-96 time frame. It is hoped that this satel-
lite will provide a much greater volume of SAR data to the JIC for opera-
tional ice support.

3. Sea Ice Services

The following sea ice services can be provided or coordinated by the
JIC upon request to any U.S. Government agency: a) Ship routing, b) Ship
visits and operational briefings, and c) Aeral ice reconnaissance support.
All three services are described in Chapter 2 of the Joint Ice Center Envi-
ronmental Services Guide.

The Environmental Services Guide is in revision due to the recent
transfer of weather forecasting responsibilities in Chapter 3 to other fore-
cast centers. The Naval Pacific METOC Center, Pearl Harbor, Hawaii
(formerly Naval Western Oceanography Center) and the Naval Atlantic
METOC Center, Norfolk, Virginia (formerly Naval Eastern Oceanogra-
phy Center) are tasked to provide weather support and ship routing for
the Arctic region. Their addresses are as follows:

NAVPACMETOCCEN NAVLANTMETOCCEN
Box 113 Mcadie Building U117
Pearl Harbor, HI 96860-5050 Norfolk, VA 23511-5399
DSN: 471-0349 DSN: 564-4967
COMM: 808-471-0349 COMM: 804-444-04967
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APPENDIX F
WORLD DATA CENTER PRODUCTS FOR THE ARC71C

Announcements of data sets and information on arctic sea ice available at the World Data
Center-A for Glaciology, and National Snow and Ice Data Center.

General

90-GLA-01 General Description
90-GLA-05 Price List for Snow and Ice Data Sets
88-GLA-ARC WDS/NSIDC Arctic Data Sets

Bibliographic Collection and Publications

91-GLA-02 Information Center and Bibliographic Collection
90-GLA-03 Microfiche Index to Information Center Collection

Snow Cover Data Sets

- -GLA-11 Defense Meteorological Satellite Program (DMSP) Visible and
Infrared Imagery Collection*

90-GLA-11B DMSP Arctic Mosaic

Glacial Geophyics

80-GLA-43 Airborne Polar Ice Sounding and Geomagnetic Data

Sea Ice Data Sets (see also Satellite Passive Microwave Oata, below)

81-GLA-51 Arctic Ocean Buoy Data - 19-9 to present
83-GLA-50 Sea Ice Charts
83-GLA-53 International Ice Patrol Iceberg Data - 1960 to present*
83-GLA-54 Joint Ice Center Digital Data - 1972 to present*
83-GLA-55 Digital Sea Ice Data (9 sets)
83-GLA-58 Arctic Ice Dynamics Joint Experiment (AIDJEX) Data

Satellite Passive Microwave Data

89-GLA-52 Antarctic Microwave (ESMR) Sea Ice Data*
89-GLA-80.1 Special Sensor Microwave Imager (SSM/I) Sea Ice Data Products
89-GLA-81.2 SMMR Brightness Temperatures, 1978-1987 (CD-ROM)

MIZEX and CEAREX Data

90-GLA-57 Marginal Ice Zone Experiment (MIZEX) Data*
91-GLA-59.1 Eastern Arctic Ice, Ocean and Atmosphere: CEAREX CD-ROM

National Snow and Ice Data Center Sets are included.

World Data Center/National Snow and Ice Data Center
National Geophysical Data Center, NOAA

Boulder, Colorado 80303
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APPENDIX G
DEFENSE MAPPING AGENCY INDEX MAPS OF
AVAILABLE CHARIS FOR THE NSR

T he maps in this section were drawn from 1993 index maps pro-
vided by the U.S. government's Defense Mapping Agency, located

in Bethesda, Maryland. Each rectangle shown on these maps corre-
sponds to a navigation chart that is available from the DMA. Further in-
formation about these hydrographic products can be obtained by con-
tacting the agency directly at:

U.S. government inquiries:

DMA Hydrographic Center
ATITN: GAF1, Stop D-28
4600 Sangamore Road
Bethesda, MD 20816-5003
DSN: Fax: 287-2498
Tel: Fax: (301) 227-2498

All others:

National Ocean Service National Ocean Service
Distribution Branch (N/CG33) Chart Sales & Control Data Office
6501 Lafayette Avenue 701 C Street, P.O. Box 38
Riverdale, MD 20737-1199 Anchorage, AK 99513
Tel: (301) 436-6990 Tel: (907) 271-5040
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APPENDIX H
AN ADVENTURE IN ORDERING
RUSSIAN MAPS OF THE NSR

Abbeviafions:
ANSR Administration for the Northern Sea Route (Moscow, Russia)
FESCO Far Eastern Shipping Company (Vladivostok, Russia)
FNI Fridtjof Nansen Institute (Norway)
HYD HydroCon, Ltd. (a private company with offices in Horten,

Norway, and St. Petersburg, Russia)
INSROP International Northern Sea Route Project at the Fridtjof

Nansen Institute
JIC US Navy/NOAA Joint Ice Center (Suitland, Md.)
MSC Murmansk Shipping Company (Murmansk, Russia)
ONR Office of Naval Research (Arlington, Va.)
RSHD Russian State Hydrographic Department (St. Petersburg,

Russia)

Date Journal entry

8/26 Got phone number for ANSR from Moscow directory assis-
tance.

8/30 Began attempts to call ANSR.

9/2 Began phone call attempts to contact MSC-no answer. Also
mailed letter and began fax attempts of same letter to MSC-
no answer.

9/14 Fax dated 9/2 finally went through.

9/20 Began attempts to send a 1-page fax to MSC; gave up after a
week.

9/21 Tried calling MSC several times but lines were busy.

Got through to ANSR with first attempt but was told to call
back tomorrow, I think (language barrier).

9/27 Sent 1st telexes to ANSR, MSC, and FESCO.

9/28 Called and spoke with Head of ANSR who said there were
approximately 15 maps of the route at about $12 each. Gave
me contact for RSHD from where they are issued.

Sent 1st telex to RSHD requesting maps.

9/29 Tried calling two different numbers for MSC but got only re-
cording of "technical difficuties in Russia."

10/1 Received fax from RSHD confirming availability of maps but
providing no ordering information.

10/5 Sent 2nd telex to RSHD requesting prices and ordering proce-
dure.

10/14 Called JIC to request a contact in Russia for maps.

159

I .



10/15 Received fax from JIC with contact at HYD Norway.

Re-sent 1st telex to MSC; re-sent 2nd telex to RSHD; tried to re-
send 1st telex to FESCO, but it wouldn't go.

10/18 Received telex "hello" from MSC. Sent 3rd telex to MSC re-
questing information on maps.

Tried to re-send 1st telex to FESCO but their machine is out of
order.

10/19 Received fax from RSHD saying 25 maps were unclassified
but not yet priced. He hopes to get back with prices by end of
December.

10/21 Mailroom calls directory assistance and gets two other telex
numbers for FESCO; re-sent 1st telex to FESCO.

Received 1st reply from FESCO confirming receipt of both
9/27 and 10/21 telexes from me.

10/22 Sent 2nd telex to FESCO requesting information on maps.

Tried sending fax to HYD Norway requesting maps, but it
wouldn't go.

10/26 Sent telex to HYD Norway

Called INSROP at FNI and asked where to get maps. They
suggested MSC and offered to forward my request along with
their plea. Faxed MSC request for maps and ordering informa-
tion through FNI.

10/27 Received fax (dated 10/25) from MSC saying they have maps,
but did not provide ordering information.

10/29 Received urgent fax from HYD Russia offering to send atlas
and 37 maps at $15-20 each. Tried to respond using my "best
guess" of their illegible fax number before their deadline (they
shut off their fax machine at 1200 EST), but couldn't get
through. Sent telex to HYD Norway for forwarding.

11/1 Sent faxes to HYD Norway and Russia requesting maps.

11/3 Received call from a captain at ONR saying he had carried the
maps and atlas home from HYD Russia and will send them
out right away via priority mail.

11/8 Called ONR to ask about maps; he hadn't yet sent them.

11/15 Received letter and invoice for 37 maps at $17.50-18.50 each
from HYD Russia through ONR. Called ONR to learn maps
were sent out on 11/10.

11/17 Maps finally received from ONR but atlas did not arrive until
11/23. No further reply was ever received from MSC or
FESCO regarding our map request.
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APPENDIXI
AARIS HYDROMETEOROLOGICAL AND ICE FORECASTING PRODUCTS

by N. Doronin
EcoShelf, St Petersburg, Russia

1. ICE OBSERVATIONS

1.1. Aircraft observations
The major part of ice information was received with the help of aviation. First ice reconnaissance flights

along the Northern Sea Route started in 1936. During decades they were carried out on a regular basis each
ten days except for the dark periods of the year when there was no light for visual observations. The area of
Russian Arctic was subdivided into three regions: the western sector over the Barents and Kara seas, the cen-
tral one over the Laptev Sea, and the eastern one over the East Siberian and Chukchi seas. Each sector was

covered by separate surveys. It is possible to estimate that during the period since 1936 there were about
1000 comprehensive coverages made by flight observations along the Northern Sea Route. The flights gave
information to plot ice maps containing the following:

-ice border position,
-- areas covered by ice of different age and concentration-leads. cracks, hummocks, pressure

ridges,
-icebergs,
-- snow coverage,
-polluted areas,
-- degree of melting.

As an example of the detalisation of this information it is possible to mention that recent studies allowed
to extract from the ice maps about 30 000 icebergs sightings in the area of the Barents Sea.

There were flights with airborne radar carried out over some parts of the NSR in particular years.

1.2. Field measurements
There were tens of expeditions organised by AARI during decades for in situ ice measurements. They

brought information about ice thickness, snow cover thickness, ice deformations, mechanical properties,
chemical composition, etc. Lately, some experience was obtained in field studies of ridges and stamukhas,
including measurements of their underwater parts and coring to determine the degree of ice consolidation.

There was a method developed in AARI for instrumental field monitoring of ice pressure induced by
convergence.

1.3. Ship operations in the ice
Historically AARI was involved in studies for designing of ice-going ships. It has an ice tank, one of the

biggest in the world. AARI specialists have knowledge of simulating the sea ice with the given mechanical
properties to test and calibrate ships' hulls. Hundreds of Russian ships navigate along the NSR each year.
There is information about navigation conditions collected in the archives of AARI.

1.4. Ice forecasts
AARI was established as an institute responsible for the hydrometeorological services for navigation

along the NSR, and forecasting activity was of primary importance. Now numerical and statistical ice fore-
casts are produced by AARI. They comprise short-term ice displacement predictions, calculations of freezing
and melting, and general outlooks for month up to one year ahead.

Specialists of AARI take part in ship routing during navigation season in the relevant operational centres
in the Arctic.
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2. METEOROLOGICAL INFORMATION

2.1. Data collection
There are about 50 meteorological stations on the islands and along the coast of Russian Arctic. So-e ,f

them started recordings since the beginning of the century, and some of them at the end of forties. They reg-
ister four or eight times a day standard meteorological parameters: air temperature, pressure, humidity, pre-
cipitation, wind speed and direction, visibility, cloudiness, sometimes solar radiation, icing and other ele-
ments. The data are displayed on meteorological maps that include also information coming from ships,
operating in the area. All this information is partly stored in the archives of AARI and partly in the Arctic
hydrometeorological centres.

2.2. Meteorological forecasts

AARI is able to provide numerical short-term weather forecasts for 3-10 days in advance for the area of
the NSR. There are methods allowing to predict air pressure with daily detalisation for the periods of 10-35
days in advance with the skill score better than 200/ over the pure chance estimation. It is also possible to get
general 90 days' outlooks.

3. OCEANOGRAPHIC OBSERVATIONS

3.1. Ship expeditions
Since 1940 three oceanographic expeditions from AARI operated each summer in the corresponding

sectors of the Russian Arctic. They covered open water areas with hydrographic cross-sections, providing
data on temperature, salinity, oxygen, nutrients, etc. Hundreds of current measurements were fulfilled. This
information is stored in AARI archives.

3.2. Coastal observation
There are several coastal stations that record sea level oscillations during last decades. In some research

projects special wind wave registrations were carried out. This information is partly stored in AARI and
partly in the Arctic hydrometeorological centres.

3.3. Oceanographic forecasts
AARI has several methods of sea level and wind wave predictions that are used in practical work.

The following forecast products are prepared by the Institute:

Weather Forecasts
1. 3- to 10-day short-term forecasts comprising air temperature, pressure, and wind.
2. 1-month to 1-year long-term forecasts comprising air temperature with respect to climatic mean,

pressure, and air flow.

Hydrographic Forecasts
1. Sea level
2. Surface currents
3. Wind and waves

Ice Forecasts
1. Statistical 1- to 3-month long-term forecasts comprising ice coverage, areas of consolidation, ice

edge location, maximum fast ice thickness, dates of destruction, dates of stable ice cover formation.
2. Model calculations for both 1- to 3-month long-term and 4- to 8-day short-term forecasts comprising

ice distribution, thickness, drift and some other parameters
3. Specialized navigation recommendations.
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